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/>  1.  The  variability  of  tests  scores  in  repeated  exertions  is  not  a  viable 
indicator  of  the  actual  portion  of  individual  strength  exerted. 

2.  The  buildup  phase  of  strength  exertion  is  a  reliable  indicator  of  the 
force  level  to  be  attained.  The  steeper  the  strength  formation  curve, 
the  stronger  the  following  muscle  strength  exertion. 


BACKGROUND  INFORMATION 


Testing  of  maximal  muscular  capabilities  is  crucial  for 
the  selection  of  persons  for  their  ability  to  perform  physi¬ 
cally  demanding  work.  It  is  also  crucial  for  the  establish¬ 
ment  of  job  requirements  so  that  they  do  not  overtax  the  mus¬ 
cular  capabilities  of  persons  who  have  to  perform  the  work. 

Thus,  muscle  strength  testing  provides  both  personal  selection 
criteria  and  design  guidelines,  either  for  equipment  design 
or  for  task  performance  parameters. 

Obviously,  it  is  critical  to  know  whether  or  not  a  sub¬ 
ject  exerts  a  maximal  effort  during  a  muscle  strength  test, 
or  if  in  fact  only  a  submaximal  exertion  is  exhibited.  Phys¬ 
iologists,  ergonomists,  physical  educators,  and  experimental 
psychologists  have  described  many  procedures  that  supposedly 
bring  about  a  subject's  best  effort  (Astrand  and  Rodahl  1977; 
Drury  1978;  Hettinger  1972;  Kroemer  1970,  1974,  1975,  1977, 

1978,  1979;  Marras  1978;  Marras  and  Kroemer  1979;  Rohmert 
and  Sieber  1960).  The  discussions  concern,  among  other  as 
pects,  whether  or  not  exhortations  should  be  used,  how  moti¬ 
vation  can  be  influenced,  whether  active  or  passive  muscle 
tensions  should  be  employed,  how  long  the  buildup  phase  of 
muscular  contraction  should  last,  whether  smooth  or  abrupt 
muscle  contractions  should  be  employed,  what  role  feedback  of 
the  exerted  score  plays,  etc.  While,  in  essence,  many  of  the 
questions  are  still  unanswered,  a  standard  procedure  has  been 
proposed  in  1974  (Caldwell  et  al.  1974)  and  has  been  used  since. 
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This  procedure  controls  the  experimental  conditions  and  de¬ 
scribes  a  step-by-step  testing  technique.  It  has  become 
largely  accepted  throughout  the  world  as  the  standard  muscle 
strength  testing  procedure. 

Within  this  procedural  framework  tests  have  been  in¬ 
dicated  the  feasibility  to  assess,  in  a  rather  simple  experi¬ 
mental  arrangement,  whether  or  not  a  test  subject  exerts  truly 
maximal  strength  scores  (Kroemer  1979;  Marras  1978;  Marras  & 
Kroemer  1979).  The  following  text  describes  related  experi¬ 
ments.  They  were  performed  to  address  principally  the  fol¬ 
lowing  questions: 

1)  Do  repeated  exertions  have  less  variability  at  sub- 
maximal  strength  levels  than  at  maximal  levels? 

2)  Is  the  initial  speed  of  strength  formation  related 
to  the  amount  of  strength  finally  exerted? 


A  MODEL  OF  STRENGTH  EXERTION 


In  order  to  exhibit  a  given  strength  score  at  a  dynamo¬ 
meter,  the  subject  contracts  the  muscles  involved  in  a 
definite  manner.  Thus,  the  strength  score  to  be  exhibited 
determines  an  "executive  program"  in  the  cerebral  and  cere¬ 
bellar  parts  of  the  central  nervous  system,  CNS.  According 
to  this  program,  nervous  impulses  are  sent  from  the  CNS  to 
the  muscles  along  the  efferent  pathways,  E.  Figure  1  depicts 
a  model  of  this  network  (Kroemer  1979). 


Figure  1:  Model  of  the  Regulation  of  Muscle  Strength  Exertion 
(Kroemer  1979) 

CNS:  Central  Nervous  System  (cerebral  or  cerebellar  centers) 

E:  Efferent  excitation  impulses  generated  according  to  the 

Executive  Program  in  the  CNS 

Fl'  F2'  F3:  Afferent  feedback  loops 

S:  Strength  output  measured  at  an  external  dynamometer 


While  the  muscle  bundles  involved  contract,  feedback 
about  the  contraction  status  is  provided  along  several  af¬ 
ferent  pathways.  In  the  model,  they  are  simplified  into  three 
different  loops.  The  primary  feedback  F1  stems  from  the  Golgi 
tendon  and  spindle  organs  of  the  primary  active  muscles.  Sec¬ 
ondary  feedback  F2  originates  at  the  sensors  in  muscles,  ten¬ 
dons,  joints,  surface  tissue,  etc.,  used  to  stiffen  the  body, 
to  support  it  by  propping  against  external  surfaces,  etc.  The 
third  feedback  F3  is  external,  in  such  that  it  provides  in¬ 
formation  about  the  score  actually  exerted  at  the  dynamometer 
primarily  through  vision  (such  as  seeing  a  pointer  on  an  in¬ 
strument)  or  audition  (such  as  through  the  voice  of  the  exper¬ 
imenter,  or  sounds  of  the  recording  device). 

The  excitation  signals  E  in  the  feedforward  system,  along 
the  efferent  pathways,  are  often  monitored  through  electro¬ 
myograms.  While  this  is  a  viable  approach,  and  instrumenta¬ 
tion  for  this  is  available  commercially,  it  requires  the  ap¬ 
plication  of  needle  or  surface  sensors,  partial  disrobing  of 
the  subject,  and  rather  extensive  recording  and  analysis 
equipment.  Furthermore,  it  obviously  monitors  only  the  feed¬ 
forward  signals  stimulating  muscular  activities  which,  in 
turn  modified  according  to  the  prevailing  mechanical  advan¬ 
tages,  bring  about  the  force  or  torque  monitored  at  the  dyna¬ 
mometer.  Thus  the  EMG  signal  is  not  necessarily  proportional 
to  the  score  recorded  at  the  dynamometer .  Hence,  EMG  monitor¬ 
ing  was  not  pursued  in  this  research. 
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Of  the  feedback  systems,  monitoring  of  the  first  two 
types  of  feedback  signals  appears  not  to  be  feasible  at  the 
current  state  of  the  art.  Action  potentials  monitored  along 
afferent  pathways  are  difficult  to  interpret,  primarily  be¬ 
cause  such  signals  cannot  be  identified  with  specific  sensors 
in  muscles,  tendons,  articulations,  or  the  skin.  This  is  lar¬ 
gely  due  to  the  fact  that  nerve  fibers  usually  join  to  bundles, 
and  thus  signals  monitored  along  these  bundles  cannot  be  rou¬ 
tinely  associated  with  given  sensors.  The  only  feedback  system 
that  can  be  manipulated  with  ease  is  the  third  one,  the  ex¬ 
ternal  feedback  through  audition  and  vision. 

The  strength  of  contraction  of  a  bundle  of  muscles  is 
regulated  by  two  classes  of  coding,  triggered  by  signals 
along  the  efferent  pathways.  Depending  upon  the  threshold 
requirements  of  the  contraction  to  be  effected,  two  types  of 
alpha-motor  neurons  are  excited  to  initiate  the  contraction 
of  extrafusal  fibers.  For  low  threshold  exertions,  small 
alpha-motor  neurons  are  stimulated  first  which  activate  slow 
twitch  fibers.  For  stronger  exertions,  more  such  motor  units 
are  activated.  For  high  threshold  exertions,  larger  alpha- 
motor  neurons  for  the  triggering  of  fast  twitch  fibers  are 
also  recruited.  Thus,  one  method  of  regulating  strength  exer¬ 
tion  consists  of  "recruitment  coding"  regarding  the  activation 
of  the  type  and  number  of  muscle  fibers  to  be  involved. 

A  second  method  to  regulate  the  muscle  strength  exer¬ 
tion  is  through  "rate  coding".  Here,  increasingly  higher 
frequency  signals  along  the  efferent  nerve  pathways  speed  up 
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the  firing  rate  of  the  motor  units  with  increasing  tension. 

According  to  this  model,  the  regulation  of  a  strength 
exertion  requires  a  coordination  of  a  complex  feedforward  and 
feedback  system.  If  external  feedback  is  excluded,  a  closed 
loop  system  is  established  that  works  as  follows:  depending 
upon  the  desired  strength  output  a  stereotypical  executive 
program  is  called  up  in  the  central  nervous  system.  For  low 
level  (submaximal)  muscle  contractions,  a  delicate  balance 
between  recruitment  and  rate  coding  must  be  maintained  re¬ 
quiring  extensive  feedback  about  the  actual  status  of  con¬ 
traction.  For  a  maximal  exertion,  both  rate  and  recruitment 
coding  are  used  from  the  onset  to  the  fullest  extent,  with 
feedback  required  only  regarding  whether  or  not  full  muscular 
contraction  is  being  executed. 
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EXPERIMENTAL  HYPOTHESES 


According  to  the  model  of  muscle  strength  regulation  just 
discussed,  two  experimental  hypotheses  were  tested  in  this 
research.  For  the  case  of  excluded  external  feedback,  these 
hypotheses  are: 

1.  For  a  maximal  muscular  contraction,  both 
rate  and  recruitment  coding  are  used  to 
the  fullest  extent,  and  all  feedback 
channels  will  simply  report  whether  full 
loading  is  achieved.  Thus,  buildup  of  a 
maximal  force  should  be  achieved  quickly. 

2.  For  a  submaximal  muscular  contraction,  a 
fine  balance  between  complex  feedforward 
and  feedback  signals  must  be  maintained. 

This  is  likely  to  require  more  time  for 
the  formation  (buildup  phase)  of  the 
muscular  contraction. 

In  addition,  the  experimental  hypotheses  can  also  be  ap¬ 
plied  to  the  phase  of  maintained  force  exertion  as  required 
by  the  experimental  regimen  (Caldwell  et  al.  1974).  Follow¬ 
ing  earlier  reports  in  the  literature  (Beck  and  Hettinger 
1956;  Rohmert  and  Sieber  1960)  more  variability  during  the 
phase  of  maintained  force  exertion  should  be  expected  at  sub¬ 
maximum  levels  than  at  maximum  levels.  However,  this  assump¬ 
tion  is  somewhat  questionable  since,  obviously,  the  Caldwell 
regimen  could  not  be  followed  before  its  publication  in  1974. 
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In  fact,  there  is  anecdotal  evidence  that  earlier  researchers 
used  experimental  procedures  quite  different  from  the  one  used 
in  these  experiments.  However,  in  the  interest  of  scientific 
rigor  the  following  hypothesis  should  also  be  tested: 

3.  Maximal  strength  exertions  can  be  repeated  by  sub¬ 
jects  without  external  feedback  with  less  variabil¬ 
ity  than  submaximal  exertions. 
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EXPERIMENTAL  METHOD 


The  experiments  to  test  the  hypotheses  were  performed 
during  1979  in  the  Ergonomics  Research  Laboratories  at  Wayne 
State  University.  The  experimental  chamber  used  was  an  air 
conditioned  room  of  approximately  4  by  5  meters. 

Subjects  and  Procedures 

Twenty  female  and  twenty  male  subjects  participated  in 
the  experiments.  They  were  recruited  from  the  Wayne  State 
University  population  and  were  paid  a  fixed  amount  for  their 
participation.  While  no  attempts  were  made  to  select  spe¬ 
cific  persons,  it  was  clear  to  them  that  they  would  be  re¬ 
quired  to  exert  muscular  strength  contractions  with  their  arms 
hands  and  legs.  Thus,  no  persons  obviously  unable  to  perform 
such  exertions  volunteered  to  participate. 

Upon  arrival  in  the  laboratory,  each  subject  underwent 
the  following  routine: 

a)  The  subject  received  general  information  and  instruc¬ 
tions,  regarding  the  nature  and  procedure  of  the  experi¬ 
ments.  (See  Table  A1  in  the  Appendix.)  The  subject  then 
filled  in  a  personal  data  form.  (See  Table  A2  in  the  Appen¬ 
dix.)  Finally,  the  subject  was  asked  to  read  and  sign  a  sub¬ 
ject  consent  form.  (See  Table  A3  in  the  Appendix.) 

b)  A  series  of  anthropometric  measurements  was  then  taken 
on  the  subject.  For  these  measurements,  the  subject  took  off 
the  shoes,  emptied  heavy  materials  from  the  pockets,  and 
rolled  up  sleeves  and  slack  legs  as  needed.  The  results  of 


these  measurements  are  shown  on  Table  1.  (For  a  detailed 
description  of  the  measurements,  see  Table  A4  in  the  Appendix.) 

c)  The  subject  then  sat  down  on  the  experimental  chair  and 
tried  out  each  of  the  exertions  to  be  performed  with  finger, 
arm  and  leg  once  in  order  to  get  a  "feel"  for  the  experiments. 

d)  Detailed  instructions  for  the  exertions  were  then  read 
to  the  subject  from  a  prepared  text.  (See  Table  A5  in  the 
Appendix. )  This  was  explained  further  by  discussing  as  neces¬ 
sary  the  procedure  of  strength  exertion  as  per  the  standard¬ 
ized  regimen  (Caldwell  et  al.  1974).  In  particular  it  was 
pointed  out  that  there  was  no  prescribed  time  during  which  the 
force  buildup  had  to  take  place,  but  that  this  was  usually  ac¬ 
complished  within  a  time  of  about  two  seconds.  (Table  A6  in 
the  Appendix  indicates  the  countdown  by  the  experimenter  during 
the  experiments . ) 

e)  When  subject  and  experimenter  were  satisfied  that  all 
instructions  were  clearly  understood,  the  tests  were  performed. 
The  sequence  of  trials  was  counterbalanced  to  control  for 
carryover  effects  of  training  on  the  experimental  results.  In 
particular,  the  sequence  was  so  arranged  as  to  alternate  bet¬ 
ween  arm,  finger  and  leg  exertions.  The  minimum  rest  time 
between  exertions  was  two  minutes.  The  subject  was  encouraged 
to  indicate  any  occurances  of  discomfort  and  fatigue  freely. 
Throughout  the  tests,  the  experimenter  would  occasionally  in¬ 
quire  about  possible  discomfort  and  fatigue  in  order  to  make 
sure  that  no  such  occurances  would  affect  the  results.  All 
testing  was  completed  within  a  period  of  about  100  minutes. 
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Variable 

Minimum 

Maxmimum 

Mean 

Std.Dev. 

Age  (years) 

17.0 

39.0 

22.90 

4.1989 

Weight  (lb) 

106.0 

230.0 

147.27 

28.3200 

Stature  ( cm ) 

75.9 

190.1 

167.11 

17.3350 

Buttock-Knee  Length 

(cm) 

54.1 

66.7 

59.29 

3.2106 

Knee  Height,  sitting 

(cm) 

46.5 

58.7 

52.91 

2.8737 

Shoulder-Elbow  Length  (cm) 

29.3 

41.4 

33.92 

2.4845 

Forearm-Hand  Length 

(cm) 

36.4 

51.4 

45.32 

3.1055 

Hand  Length  (cm) 

15.7 

20.4 

18.28 

1.1678 

Digit  2  Height  (cm) 

15.0 

19.1 

16.85 

1.2043 

Crotch  2  Height  (cm) 

8.9 

11.7 

10.18 

.7577 

Digit  2  Length  (cm) 

6.2 

15.6 

7.29 

1.4271 

Hand  Breadth  (cm) 

5.3 

10.1 

7.98 

.9649 

Hand  Thickness  (cm) 

2.2 

3.6 

2.96 

.3507 

Biceps  Circ.,  flexed 

(cm) 

22.2 

36.4 

29.72 

3.5866 

Biceps  Circ.,  relaxed  (cm) 

21.3 

35.6 

28.56 

3.4641 

Forearm  Circ.,  flexed  (cm) 

21.2 

33.1 

26.82 

2.8321 

Foreman  Circ.,  relax 

(cm) 

20.9 

32.4 

25.95 

2.7451 

Wrist  Circ.  (cm) 

13.5 

18.7 

16.12 

1.3720 

Lower  Thigh  Circ.  (cm) 

28.9 

42.5 

37.42 

2.7872 

Knee  Circ.,  standing 

(cm) 

22.7 

41.2 

35.89 

3.2581 

Calf  Circ.,  standing 

(cm) 

30.0 

43.2 

36.12 

2.9379 

Ankle  Circ.,  stand. 

(cm) 

19.9 

31.6 

24.82 

2.0597 

Lever  Arm  (cm) 

22.3 

38.6 

25.97 

2.9095 

Lever  Leg  (cm) 

33.5 

44.1 

37.30 

2.1260 

Table  1  Descriptive  Statistics  of  the  Experimental  Subjects 

(20  male,  20  female) 
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The  experimental  apparatus  consisted  primarily  of  a 
special  chair,  cuffs  connecting  the  subject's  arm  or  leg 
with  dynamometers  (load  cells),  and  a  strip  chart  recorder. 

The  chair  had  a  horizontal  sitting  surface,  about  57cm 
high  and  38cm  deep,  and  a  vertical  straight  back  66cm  high 
above  the  seat  pan,  each  56cm  wide.  On  the  right  side  was 
a  rigid  arm  rest  which  extended  horizontally  23cm  from  the 
back  rest  forward.  The  height  of  the  arm  rest  could  be 
varied  between  20  and  30cm  above  the  sitting  surface.  Its 
surface  was  slightly  padded.  In  front  of  the  arm  rest  a  Le- 
bow  load  cell  (model  3397)  was  bolted  to  the  seat.  A  wrist 
cuff  was  connected  to  this  load  cell.  The  subject  propped 
the  elbow  of  the  right  arm  on  the  arm  rest,  extended  the  fore¬ 
arm  directly  forward  so  that  the  cuff  was  exactly  above  the 
load  cell,  with  the  edge  of  the  cuff  at  the  wrist  crease. 

The  elbow  angle  was  approximately  90°. 

A  similar  arrangement  was  provided  for  the  knee  extension 
and  flexion  experiments.  Here  a  Lebow  load  cell  (model  6431- 
102)  was  so  arranged  and  connected  by  cables  to  the  leg  cuff 
that  the  subject  had  the  cuff  with  its  distal  edge  at  a  com¬ 
fortable  distance  (about  2cm)  above  the  ankle  of  the  right 
leg.  With  the  thigh  resting  on  the  sitting  surface,  the 
lower  leg  hang  down  vertically,  with  the  foot  not  sup¬ 
ported.  The  knee  angle  was  approximately  90°. 

For  the  finger  flexion  exertions,  the  subject  put  the 


right  hand  with  the  palm  flatly  on  a  horizontal  surface 


which  was  slightly  above  elbow  height.  The  tip  of  the  ex¬ 
tended  forefinger  was  placed  on  a  dynamometer  in  such  a  way 
that  the  tip  of  the  finger  extended  1cm  onto  the  flat  surface 
of  the  measuring  device.  While  the  experimenter  pressed 
down  slightly  on  the  wrist  of  the  subject  in  order  to  insure 
that  the  ball  of  the  hand  was  not  lifted  from  the  surface, 
the  subject  pressed  on  the  measuring  device.  The  force  was 
sensed  by  an  Lebow  load  cell  (model  10445).  Forearm,  palm 
and  fingers  were  extended  horizontally. 

The  cuffs  used  for  the  arm  and  leg  force  measurements 
were  specially  designed  from  steel  hinges  (1H  in.  x  3/4  in.) 
welded  together  so  that  a  cuff  band  of  3.8cm  width  resulted 
that  was  flexible  at  every  .7cm.  By  adding  or  removing  sec¬ 
tions,  a  tight  but  comfortable  fit  could  be  achieved  for  every 
subject's  wrist  or  ankle  circumference.  The  insides  of  the 
cuffs  were  slightly  padded. 

These  devices  for  the  measurement  of  arm,  leg  and  finger 
forces  were  designed  not  to  give  under  the  exertion  of  force, 
and  thus  to  bring  about  an  isometric  muscle  strength  exertion. 

The  output  of  the  load  cells  was  recorded  on  a  Gould 
Brush  eight  channel  strip  chart  recorder  (model  480).  The  de¬ 
flections  of  the  writing  pens  were  calibrated  in  pounds  before 
each  experiment  and  checked  appropriately.  After  each  test, 
the  experimenter  checked  the  analog  records  for  adherence  to 
the  requirements  of  the  standard  regimen  (Caldwell  et  al.  1974). 
After  all  tests  were  completed,  the  experimenter  marked  the 
slopes  of  the  force  buildup  and  the  maintained  force  levels 
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through  straight  lines  on  the  records,  and  read  the  values 
for  slope  (i.e.  the  angle  of  increase  in  terms  of  force  units 
per  time  units)  and  for  maintained  force  level  (in  terms  of 
pounds ) .  The  data  were  then  read  into  a  computer  and  sub¬ 
jected  to  appropriate  statistical  analyses. 

The  subject  was  not  informed  about  the  scores  achieved 
until  all  experiments  were  completed. 


STATISTICAL  TREATMENT  OF  THE  DATA 


Each  subject  was  asked  to  exert  force  at  four  different 
levels,  called  100%,  75%,  50%  and  25%  of  his/her  strength 
capability.  Since  three  repetitions  were  performed  at  each 
of  these  levels,  four  different  analogue  recordings  per  sub¬ 
ject  were  obtained  at  each  level.  They  are  shown  schematical 
ly  in  Figure  2. 

While  the  use  of  the  onset  slopes  is  straight  forward, 
the  data  describing  each  subject’s  performance  at  the  four 
requested  levels  were  subjected  to  some  conversion.  In  order 
to  facilitate  data  reduction,  and  comparison  of  the  results 
of  different  subjects,  the  raw  data  inputs  were  first  converg¬ 
ed  into  normalized  data,  using  a  percent  notation.  This  pro¬ 
cedure  was  performed  in  four  steps: 

(A)  Step  1  -  The  average  maintained  force  at  the  100% 
level  was  calculated.  This  established 
the  ''base"  for  the  following  conversions. 

Step  2  -  Each  recorded  maintained  force  was  con¬ 
verted  into  percent  of  the  "base"  force. 

Step  3  -  Within  each  requested  level,  the  average 
force  was  calculated.  (At  the  100%  level, 
this  coincides  with  Step  1.) 

Step  4  -  Within  each  level,  the  absolute  devia¬ 
tions  from  the  level  average  were  com¬ 
puted.  These  deviations  were  used  for 
the  variability  analysis  (ANOVA). 
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(B)  Furthermore,  instead  of  using  the  average  maintained  force 
as  "base"  in  Step  1,  the  maximal  observed  maintained  force 
level  was  used  as  base.  The  steps  2  through  4  were  then  per¬ 
formed  using  this  base  value. 

While  (A)  and  (B)  rely  on  the  maintained  forces  as  base 
data,  the  results  were  also  analyzed  with  the  peak  values 
used  as  basic  units.  Thus,  steps  1  through  4  were  also  per¬ 
formed  using  either  the 

(C)  "average  peak",  or 

(D)  "maximal  peak". 

Procedures  A,  B,  C  and  D  allowed  an  analysis  of  the 
variability  of  the  forces  at  each  level,  by  ANOVA. 

For  each  trial  and  subject,  the  correlation  coefficients 
between  onset  slope  and  maximal  maintained  force  -see  B-  and 
maximal  peak  force  -see  D-  were  also  computed. 
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RESULTS 


Tables  2  through  33  summarize  the  experimental  results. 


They  are  presented  in  the  following  order: 

(A)  Group  Behavior,  based  on  the  mean  values  of  the 
raw  data. 

(B)  Variability  Analysis,  based  on  the  differences  of 
each  individual  exertion  from  the  average  of  re¬ 
peated  exertions  (at  each  of  the  four  repeated 
force  levels  -  see  "Statistical  Treatment"). 

(C)  Slope-Strength  Analysis,  relating  each  individ¬ 
ual's  build-up  slope  of  strength  formation  to  the 
maintained  force  level,  or  peak  force. 

Within  each  of  these,  the  data  for 
Leg  Flexion  (LF) 


Leg  Extension 
Elbow  Flexion 
Finger  Flexion 


(EF)  and 


are  reported  separately,  in  that  order. 
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Group  Behavior 


The  mean  (over  trials)  maintained  level  and  peak  exer¬ 
tions  (in  pounds)  as  well  as  the  slopes  (in  force  per  unit 
time)  for  each  subject  were  calculated  for  the  leg  flexion 
(LF),  leg  extension  (LE),  elbow  flexion  (EF)  and  finger 
flexion  (FF).  These  results  appear  in  Tables  2  through  5. 

They  contain  group  mean  and  standard  deviation  for  each  of 
these  measures,  as  well  as  the  mean  and  standard  deviation 
for  the  two  sexes.  Males  exhibited  more  force,  and  did  so 
faster  at  each  strength  exertion  level  under  all  types  of 
force  exertions,  than  did  females. 

These  data  were  converted  into  the  percentage  of  force 
for  each  subject  in  order  to  normalize  the  data.  The  result¬ 
ing  group  and  sex  means  and  standard  deviations,  calculated 
for  LF,  LE,  EF  and  FF,  appear  in  Tables  6  through  9.  For  the 
LF,  LE  and  EF  types  of  exertion,  females  tended  to  exert  a 
greater  percentage  of  their  strength  at  each  exertion  level 
than  did  males,  but  males  exerted  a  larger  portion  in  the  FF 
types  of  exertion. 

Finally,  the  percent  difference  from  the  subject's  exer¬ 
tion  level  mean  was  calculated  according  to  the  method  de¬ 
scribed  in  the  "Statistical  Treatment"  section.  These 
statistics  for  the  whole  group  as  well  as  for  each  sex  at  each 
level  for  LF,  LE,  EF  and  FF  appear  in  Tables  10  through  13. 

No  clear  trend  appeas  with  respect  to  sex  or  exertion  level. 
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Table  7  -  Exertion  Component  Converted  to  Mean  Percentage 
of  Strength  at  Each  Exertion  Level  for  Leg  Extention 
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Table  8  -  Exertion  Components  Converted  to  Mean  Percentage 
oF"strength  at  Each  Exertion  Level  for  Elbow  Flexion 
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STUDUO  PEf IITIOW 


Finger  Flexion 
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Table  12  -  Percent  Deviation  from  Exertion  Level  Mean 

for  Elbow  Flexion 
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ItaU 


Finger  Flexion 

Means  of  Percent  Difference,  All  Subiects 

SLOPS  UIITIII  STBBKQTR 


B)  Variability  Analysis 


Each  subject's  percent  difference  from  his/her  exertion 
level  average  for  each  exertion  was  used  as  input  into  the 
variability  analysis  to  test  the  hypothesis  that  increased 
variability  in  repeated  trials  occurs  with  lowered  exertion 
levels.  This  analysis  was  performed  for  all  subjects  collec¬ 
tively  and  for  male  subjects  and  female  subjects  separately, 
for  each  type  of  exertion. 

As  described  in  the  "Statistical  Treatment"  section, 
these  measures  of  performance  were  calculated  in  several  ways 
based  either  on  the  average  of  the  100%  level  exertions,  or 
based  on  the  maximal  peak  force  exerted  by  each  subject.  For 
each  of  these  types  of  computational  treatments  the  subject's 
percent  difference  from  the  exertion  level  average  was  cal¬ 
culated.  Thus,  the  data  were  normalized  in  four  different 
ways  and  each  situation  described  was  tested  for  the  signif¬ 
icance  of  variability  difference  via  one-way  analysis  of  vari¬ 
ance  (ANOVA)  techniques. 

Percentages  Based  Upon  100%  Level  Average 

The  ANAOVAs  analyzing  the  maintained  portion  of  the 
strength  exertion  (for  the  total  group  data,  female  data  and 
male  data)  are  presented  for  LF,  LE,  EF  and  FF  in  Tables  14 
through  17.  The  group  ANOVAs  indicated  significant  differ¬ 
ences  in  variability  for  each  type  of  exertion  (FLF  =  3.95, 

FLE  =  9'86,  FEF  =  5’26'  FFF  =  11*58'  d-f*  =  3/156,  p  i  .01). 
However  the  order  of  variability  did  not  agree  with  the  hypo- 


thesis.  The  LE,  EF  and  FF  types  of  exertions  indicated  a 
trend  suggesting  increasing  variability  with  increased  exer¬ 
tion  levels.  Significant  F-ratios  were  found  for  the  female 
subject  group  for  the  LE,  EF  and  FF  types  of  exertion  (FLE  = 
6.74,  Fef  =  6.88,  Fpp  =  7.60,  d.f.  =  3/76,  pg  .01).  This  same 
trend  was  evident  for  the  female  variability  analysis.  The 
only  significant  ANOVA  for  the  group  of  male  subjects  was 
found  for  the  FF  type  of  exertion  (Fpp  =4.83,  d.f.  =  3/76, 
p  ^  .01).  Again,  the  same  trend  was  noted. 

Similarly,  one-way  ANOVA' s  analyzing  the  peak  portion 
of  the  strength  exertion  were  calculated.  This  was  done  for 
the  group  considered  collectively  and  for  each  sex  indepen¬ 
dently.  These  results  for  LF,  LE,  EF  and  FF  are  presented 
in  Tables  18  through  21  respectively.  Fewer  significant  re¬ 
sults  were  evident.  In  the  group  analysis  only  the  LF  and  LE 
types  of  exertion  exhibited  significant  F-ratio  statistics 
(FLF  =  4’02'  fle  =  6*05'  d.f.  =  3/156,  p  %  .01).  In  this  case 
only  the  LE  exertion  data  indicated  a  trend  of  increasing 
variability  when  attempting  to  reach  higher  exertion  levels . 
The  analysis  by  sex  indicated  a  significant  F-ratio  only  for 
the  LE  type  of  exertion  for  female  subjects  (FLE  =  4.78, 
d.f.  =  3/76,  p  i  .01).  In  this  case  the  same  trend  with  re¬ 
gard  to  a  variability  pattern  was  noted. 
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Table  14  -  Maintained  Level  Exertion  Component  (based  upon 
ToG%  exertion  level  average)  ANOVA  for  Leg  Flexion 
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<4 MO Vi  VAR-4,5,6,7  CASES-1-160  STRAT-V?> 
UNIVARIATE  1-WAV  4N0V4  C ASE S-CASE * s 1-1 60 


ANALYSIS  OF  VARIANCE  OF 

4.LESEX  N* 

>  160  our  OF  160 

SOURCE 

OF  SUN  OF  SORS 

MEAN  SOR  F'-STATISTIC  SIGH  IF 

BETWEEN 

3 

6802.5 

2267.5  9.8578  .0000 

WITHIN 

156 

35884. 

230.02 

TOTAL 

159 

42686. 

(RANDOM  EFFECTS  STATISTICS) 

eta-  .3992 

ETa-SOR-  .1594  i VAR  CONF-  39.937  WAR  AMONG-  18.131 

LEVEL 

N  MEAN 

variance 

STD  DEV 

loot 

40  38.862 

491.29 

22.165 

751 

40  31.013 

169.(6 

13.006 

501 

40  27.518 

139.73 

tl.821 

251 

40  20.770 

119.91 

10.950 

fiRANO 

160  29.541 

268.47 

16.385 

w —  - 1  f 

<ANOVA  VAR- 

4, 5,6,7  CASES 

•V2:t  STRAT 

•  V3> 

UNIVARIATE 

1-WAV  ANOVA 

CASES-SEi: FEMALE 

ANALYSIS  Of 

VARIANCE  of 

4.LECEX  N. 

80  OJT  OF  80 

SOURCE 

OF  SUN  OF  SORS 

MEAN  SOR  E-STATISTIC  SICNIF 

BETWEEN 

3 

3070.1 

1690.0  4.T3T0  .0004 

WITHIN 

76 

1906  5. 

250.86 

TOTAL 

79 

24135. 

1  RANDOM  EFFECTS  STATISTICS) 

ETA-  .4583 

ETA -'SOR-  .2101  1  VAR  CONF-  71.959  WAR  AMONG-  72.29  1 

LEVEL 

M  HEAN 

VARIANCE 

STO  DEV 

1001 

20  4  2.2T2 

A3  9.  42 

25.2BT 

751 

20  32.300 

166.72 

12.912 

501 

20  26.870 

107.81 

10.  385 

m 

20  20.575 

19.479 

9.4598 

GRAND 

«0  SO.  504 

S05.51 

1T.4T9 

a  MOV*  VA  *-4,5,6,  7  C4SES-V2:2  STRAT-V3> 
UNIVARIATE  1-KAV  ANOVA  CASES-SEXiNALE 


ANALYSIS  OF  VARIANCE  OF  4.LEGEX  N-  >0  OUT  OF  SO 


SOURCE 
IE TWEEN 

si  thin 
TOTAL 


OF  SUN  OF  SORS  KEAN  SOR  ^STATISTIC  SICNIF 

S.3226  •  0241 


S 

76 

7V 


7175.7 

16269. 

18502. 


Fit. 23 
214.06 

IRANDON  EFFECTS  STATISTICS) 


ETA-  .3405  ETA-SQR-  -1139  f VAR  CONF-  24.S59  WAR  ARONS*  10.40) 


LEVEL 

N 

NEAN 

VARIANCE 

STD  DEV 

loot 

20 

SI. 451 

044.52 

18.  561 

TSt 

20 

29.727 

177.02 

11.305 

sot 

20 

>0.166 

178.13 

13.347 

tst 

to 

20.965 

156.57 

12.313 

fiRANO 

00 

28.577 

237.94 

15.267 

Table  15  -  Maintained  Level  Exertion  Component  (based  upon 
100%  exertion  level  average)  ANOVA  for  Leg  Extention 


UNIVARIATE  t-WAV  ANOVA  C AS E S-C ASl • : I- 1 63 


ANALYSIS  OF 

variance  of 

6.ELB0W  N- 

160  OUT  OF 

160 

SOURCE 

OF  SUN  OF  SOR$ 

NEAN  SOR  F-STATISTIC  S1GNIF 

BETWEEN 

3 

5508.0 

1866.3 

5.2580  .note 

WITHIN 

156 

55371. 

354.05 

TOTAL 

15V 

61  970. 

(RANDOM  EFFECTS  STATISTICS! 

ETA-  .3030 

ETA 

-SOf.-  .0013  (VAR  CDNft-  3T.7B4 

1VAR  AMONG-  0.62) 

t|W£L 

N 

NEAN 

VARIANCE 

STD  DEV 

loot 

40 

36.334 

870.67 

20.650 

7JT 

40 

2?.735 

218.44 

14.780 

90S 

40 

26.853 

207.06 

14.421 

251 

40 

10.712 

113.72 

10.  664 

GRANO 

160 

27. oi* 

383.46 

10.582 

univariate 

1-WAV  ANOVA 

C A$ ES-S EX: FEMALE 

ANALYSIS  OF 

VARIANCE  PF 

6. E  L  80  V  N- 

80  OUT  OF 

80 

SOURCE 

OF  SUN  OF  SIRS 

NEAN  SOR  F 

-statistic  signif 

BETWEEN 

3 

9443.0 

2814.6 

6.8843  .0004 

WITHIN 

76 

31072. 

408.84 

TOTAL 

70 

30516. 

1  RANDOM  EFFECTS  STATISTICS! 

ETA-  .4623 

ETA-tSOR-  .2137  (VAR  CONR-  120.20 

war  AMONG-  22.73 

LEVEL 

N 

mean 

VARIANCE 

STD  DEV 

loot 

20 

47.178 

1 t 1 2.2 

33.340 

T31 

20 

31.622 

247.73 

15.740 

901 

20 

26.  405 

193.66 

13.016 

251 

20 

10.210 

01.801 

9.0444 

GRANO 

BO 

31.104 

900.20 

72. 765 

UNIVARIATE 

1-WAV  ANOVA 

CASES-SE*: MALE 

analtsis  of 

VARIANCE  OF 

6. EL BOW  N- 

•0  OUT  OF 

80 

SOURCE 

OF  SUN  OF  SORS 

MEAN  SOR  8 

-STATISTIC  S1GNIF 

BETWEEN 

9 

977.  B2 

102.61 

.  .76065  .  51 06 

wt  THIN 

76 

10244. 

*53.21 

TOTAL 

70 

10822. 

(RAN30N  EFFECTS  STATISTICS! 

ETA-  .1707 

ETA 

-SOR-  .0292  (VAR  COW-  -3.0303 

tVAR  AMONG-  -0.1 

level 

N 

DEAN 

variance 

STD  OEV 

1001 

20 

*5.400 

44  5.89 

*t. 116 

751 

CO 

25.848 

193.10 

13.531 

901 

*0 

*7.310 

*32.77 

15.257 

*51 

*0 

*0.213 

191.00 

i*.*or 

GRANO 

•0 

*4.716 

>90.01 

15.040 

Table  16  -  Maintained  Level  Exertion  Component  (based  upon 
100%  exertion  level  average)  ANOVA  for  Elbow  Flexion 


UNIVARIATE  1-VAY  ANOVA  CAScS-CASH il-i 60 


ANALYSIS  OF  VARIANCE  OF  7.F INKER  N«  160  OUT  OF  UD 


SOURCE 

OF  SUN  OF  SORS 

NEAN  SOR  F-STATISTIC  SICNIF 

8ETVEEN 

4 

22967. 

7655.7  11.979  .0000 

VI  THIN 

156 

.10114  *6 

661.15 

TOTAL 

1*9 

.12611  *6 

( RANDQ6  EFFECTS  STATISTICS) 

ETA*  .4266 

CTA-4$oR*  .tA2|  I  VAR  COHP-  174.66  XVAR  AN0N5-  26.921 

LEVEL 

N 

mean 

VARIANCE 

STD  OEV 

toot 

40 

55.  786 

1177.1 

37.109 

751 

40 

59.076 

364.55 

19.610 

SAX 

40 

51.613 

558.64 

21.636 

25  X 

40 

21.175 

324.33 

18.004 

OAANO 

160 

57.467 

793.12 

28.162 

SINK  PREVIOUS 

UNIVARIATE  I- VAT  ANOVA  CASCS-SEK: FENALE 


ANALYSIS  OF  VARIANCE  OF  7.FINCER  N-  <10  OUT  OF  eo 


SOURCE 

OF  SUN  OF  SORS 

MEAN  SOR  F-STATISTIC  SICNIF 

.setveen 

1 

14752. 

4917.4  7.5963  .0007 

VI  THIN 

76 

4° 197. 

647.11 

TOTAL 

79 

67949. 

1RAN00N  EFFECTS  STATISTICS) 

ETA-  .4803 

ETA 

-SOR-  .2307  ( VAR  CONf-  213.58  WAR  AWNS*  24.  •!* 

LEVEL 

N 

NEAR 

variance 

STD  OEV 

10  ox 

20 

61.  3*2. 

864.84 

29.478 

75X 

20 

42.598 

44 1.26 

21.938 

SOX 

20 

39.496 

890.81 

29.  846' 

25X 

20 

23-117 

946.42 

18.668 

OR  AND 

•0 

81.653 

809.49 

28.451 

univariate  i-vat  anova  cases-sehnale 


ANALYSIS  OF  VARIANCE  OF  T.FINSER  N-  10  OUT  OP  80 


SOURCE 

OF  SUN  OF  SORS 

NEAN  SOR  ^-STATISTIC  SICNIF 

•etveen 

9 

9509.3 

3169.8  4.3331  .0039 

VTTHIN 

76 

49845. 

655.85 

TOTAL 

79 

59354. 

1 RANOON  EFFECTS  STATISTICS! 

CTA-  .4003 

ETAiSO*n  .160/  < VAR  COUP-  125.79  XVAR  A NONE-  16.06 

LEVEL 

N 

NE6N 

variance 

STO  OEV 

100X 

*» 

50.190 

1891.9 

43.496 

TSX 

20 

35.553 

281.95 

16.791 

SOX 

1® 

24. 170 

132.75 

11.500 

291 

K 

IS.212 

317.92 

17.813 

48  AND 

80 

95.281 

T31.91 

27.410 

Table  17  -  Maintained  Level  Exertion  Component  (based  upon 
100%  exertion  level  average)  ANOVA  for  Finger  Flexion 
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UNIVARIATE 

CASES-CASEM 1-160 

ANALYSIS  OF 

VARIANCE  OF 

S.LECFL  n- 

160  OUT  OF  160 

SOURCE 

OF  SUN  OF  S0RS 

NEAN  SOR  F-STAT1ST1C  SI  ON  IF 

•E TWEEN 

3 

34T6-3 

1325.4  4.0146  .0087 

WITHIN 

196 

51440. 

324.74 

TOTAL 

ISO 

53416. 

1  RANDOM  EFFECTS  STATISTICS! 

ETa-  .2674 

ET* 

-SOR-  .0710  (VAR  COM-  n.iu  WAR  AN0N5-  T.02T 

LEVEL 

■Ft 

N(AN 

VARIANCE 

STO  DEV 

loot 

AO 

F4.e?° 

460.44 

21.470 

7St 

40 

37. NB* 

342.65 

14.815 

sot 

40 

31.750 

311.48 

17.663 

m 

40 

I4.4M 

153.40 

12.385 

8R*AND 

too 

32.115 

348.53 

18.664 

UNIVARIATE  6-WAV  ANOVA  CASES-SECFEnaLE 


ANALYSIS  OF 

VARIANCE  OF 

5.LECFL  N- 

80  OJT  OF  80 

SOURCE 

DF  SUN  OF  SQRS 

NEAN  SOR  F-STATISTIC  SICN1F 

BETWEEN 

S 

2564.4 

854.81  2.8411  .0434 

WITHIN 

76 

22666. 

300.87 

TOTAL 

74 

25431. 

(RANDOM  EFFECTS  STATISTICS) 

ETA*  .3176 

ETA 

-SOR-  .1008  (VAR  COHF-  27.647  RVAR  AN0N5.  8.43) 

level 

N 

NEAN 

VARIANCE 

STO  DEV 

1001 

20 

30.514 

328.43 

18.136 

757 

20 

40.781 

308.41 

17.36? 

sot 

20 

32.747 

343.84 

14.845 

m 

20 

25.025 

172.31 

13.127 

OR  AND 

to 

32.268 

321.41 

17.442 

UNIVARIATE  l-VAV  ANOVA  CASE S-SEXt HALE 


ANALYSIS  OF  VARIANCE  OF  S.LEGFL  N«  10  OUT  OF  NO 


-SOURCE 

OF 

SUN  OF  SORS 

HE  An  SOR  F-STATISTIC  S1CNIF 

•ctveen 

3 

2987.5 

•62.44 

2.3428  .0750 

WITHIN 

76 

27344. 

•60.45 

TOTAL 

74 

24482. 

(RANDON  EFFECTS  STATISTICS! 

CTA-  .2438 

ETA -SOR- 

.04* j  (VAR  tONF-  29.182 

WAR  ARDN6-  6.31 

LEVEL 

N 

MEAN 

VARIANCE 

STO  OEV 

toot 

20 

34.138 

978.11 

24.044 

751 

SO 

34.488 

474.40 

21.407 

881 

•0 

84.752 

£41.82 

13.  SSL 

258 

20 

23.47? 

141.46 

11.413 

QtANO 

80 

•1.468 

•74.52 

14.4«t 

Table  18  -  Peak  Level  Exertion  Component  (based  upon  100% 
exertion  level  average)  ANOVA  for  Leg  Flexion 
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<ANOVA  VIA. 4, 5.6,7  CASES-I-160  STRAT-V3> 
UNIVARIATE  1-vat  ANOVA  CASES-CASERU-lbl 


ANALYSIS  OF 

variance  of 

4.LEGEX  N- 

160  OUT  OF  160 

SOURCE 

OF  SUN  Of  SO  AS 

NEAN  SqR  P-STATISTIC  SICNIF 

BETWEEN 

3 

4470.9 

1490.3  6.0484  .0006 

VITHIN 

156 

38437. 

246.39 

TOTAt 

159 

42903. 

(RANDOM  EFFECTS  STATISTICS! 

ETA-  .1228 

ETA-SOR-  .1042  1  VAR  CONR-  *1.017  TVAR  AN0N5-  11.711 

LEVEL 

N  NEAN 

VARIANCE 

STD  OEY 

100* 

40  76.663 

489.74 

22.130 

75* 

40  11.788 

233.89 

15.294 

50* 

40  27.978 

142.58 

11.941 

25* 

AO  22.230 

119.36 

10.925 

GRAND 

160  29.652 

269.86 

16.428 

* 

<ANQVA  VAR-4/ $«  8*7  CASES«V2tl  STRAT 

•V3> 

univariate 

1-VAV  ANOVA 

ca$es-se**fenale 

ANALYSIS  OF 

VARIANCE  OF 

4.LEGEX  N- 

80  OJT  OF  80 

SOURCE 

OF  SUN  OF  SORS 

PEAN  $qR  F- STATISTIC  SIGNIF 

BETWEEN 

3 

3970.0 

1306.7  4.7756  .8042 

VIThIN 

76 

70795. 

277.61 

total 

79 

24715. 

IRANDON  EFFECTS  STATISTICS! 

ETA-  .1«83 

ETA-SOR*  .1536  IVAR  CDNP-  51.653  War  ANQNG-  15.83 

LEVEL 

N  NEAN 

VARIANCE 

STD  OEV 

100* 

70  40.171 

562.57 

23.719 

75* 

20  34.199 

117.53 

17.819 

50* 

20  26. 304 

117.50 

10.840 

25* 

20  22.236 

.96,854 

9.8415 

GRAND 

80  30.79R 

312.84 

17.687 

<A NOVA  VAR-4,5,6,7  CASES 

•V7S2  $TRAT-V3> 

UNIVARIATE 

cases-serinale 

ANALYSIS  OF 

VARIANCE  of 

4.LECEX  N- 

80  OUT  OF  80 

SOURCE 

OF  SUN  OF  SORS  1 

NEAN  SOR  F«-STATI$TlC  SlGNjf 

•ETMEEN 

3 

1713.9 

406.70  1.8419  .1467 

WITHIN 

76 

16765. 

220.59 

total 

79 

17994. 

1RANOON  EFFECTS  STATISTICS! 

ETA-  .2603 

ETA-SOR-  ,l}*7§  1  VAR  CONR-  9.7953  TVAR  A  NONE-  4.041 

LEVEL 

N  NEAN 

variance 

STD  OEV 

180* 

70  32.954 

411.71 

20.340 

75* 

20  29.176 

150.33 

12.261 

SO* 

70  79.471 

170.16 

11.044 

25* 

20  22.721 

149.1* 

12. IT! 

GRAND 

90  *6.506 

227.64 

15.068 

Table  19  -  Peak  Level  Exertion  Component  (based  upon  100% 
exertion  level  average)  ANOVA  for  Leg  Extension 


UNIVARIATE  I'Utr  ANOVt  t ASES-CASE*i  1-169 


ANAL VS  I S  Of  VARIANCE  OF  A.ElBOW  N-  160  OUT  OF  160 

SOURCE  OF  SUN  OF  SORS  MEAN  I  OR  f« STATISTIC  SICnIF 


•ETVEEN 

S 

1291.0 

1097.0 

1.7375 

0125 

WITHIN 

196 

49798. 

293.51 

TOTAL 

199 

49079. 

IAAN3QM  EFFECTS 

STATISTICS! 

ETA-  .2990 

ETA 

-SOR ■  .0671  (VAR  CONF-  20.097 

*VAR 

A HONG- 

6.  41! 

IE»EL 

N 

MEAN 

VARIANCE 

STD  DEV 

100T 

40 

79.72* 

913.51 

22.661 

79* 

40 

14.32? 

214.79 

14.656 

90* 

40 

30.978 

271.39 

16.473 

29* 

40 

21.96? 

174.41 

13.206 

SRANO 

160 

29.7?« 

709.67 

17.569 

UNIVARIATE  I- WAV  ANOVA  C AS ES*SE*t FEMALE 


ANALYSIS 

OF 

VARIANCE  OF 

6.ELB0W  N. 

'  MO  OUT  OF 

80 

SOURCE 

OF  SUN  CF  SORS 

NEAN  S-OR  ^STATISTIC  SICNIF 

•ETVEEN 

3 

3346.6 

1115.5 

3.2215  .0273 

WITHIN 

76 

26317. 

346.29 

total 

79 

29664. 

(RANDOM  EFFECTS  STATISTICS) 

ETA-  .3359 

ETA^SOR*  .1128  (VAR  C0«2-  38.462 

*VAR  AMONG-  10.00 

LEVEL 

N 

NEAN 

VARIANCE 

STD  OEV 

100* 

20 

18.951 

665.80 

25.907 

75* 

20 

35.  23" 

199.67 

14.131 

50* 

20 

31.287 

341.51 

IN. 480 

25* 

20 

21.526 

179.14 

13.147 

QUMO 

•0 

11.726 

its; 49 

19.37* 

UNIVARIATE 

1-WAV  ANOVA 

CASES- SE*> MALE 

RMAIVSIS 

OF 

variance  of 

6. EL  BOW  N- 

•0  OJT  OF 

90 

SOURCE 

toF  SUN  OF  SORS 

NEAN  $QR  F 

-statistic  SICnIF 

BETWEEN 

1 

2291.3 

763.75 

3.5975  .*173 

WITHIN 

76 

16195. 

212.90 

TOTAL 

79 

15426. 

(RAN)OM  EFFECTS  STATISTICS! 

ETA-  .1526 

ITA^SOR-  .124)  (VAR  CONF-  27.573 

SVAR  AMONG-  11.49! 

tt»El 

N 

NEAN 

VARIANCE 

STO  OEV 

100* 

20 

20.70" 

215.02 

14.667 

75* 

20 

93.534 

299.69 

15.482 

50* 

20 

30. 369 

215.04 

14.664 

29* 

20 

22.397 

179.46 

13.396 

OR  AND 

00 

76.757 

293.24 

19.272 

Table  20  -  Peak  Level  Exertion  Component  (based  upon  100% 
exertion  level  average)  ANOVA  for  Elbow  Flexion 
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UNIVARIATE  1-VAT  ANQVA  C  ASES-C  ASEM  t-160 


ANALYSIS  OF 

VARIANCE  of 

T.FtNGER  N-  160  OUT  OF  16t> 

SOURCE 

OF  SUV  OF  SqRS 

MEAN  SOR  F-STATISTIC  SiCNIF 

between 

3 

8474.6 

2824.9  3.6035  .014V 

WITHIN 

156 

•1222V  *6 

783.93 

TOTAL 

15V 

•13077  *6 

(RANOON  EPFECTS  STATISTICS! 

ETA-  .2546 

ETA-SOR-  .0648  (VAR  COMF-  51.023  XVAR  ANONS-  6. Ill 

LEVEL 

N 

NEAN 

VARIANCE 

STD  DEV 

100X 

40 

45.368 

137V.8 

37.146 

TSt 

40 

40.830 

706.77 

26.585 

SOX 

40 

35.654 

666.4V 

25.817 

252 

40 

25. 802 

382.67 

19.562 

GRAND 

160 

36. VI 4 

822.44 

28.678 

SINK  PREVIOUS 


UNIVARIATE  1-VAT  ANOVA  CASES-SEXtFENALE 

ANALYSIS  OF  VARIANCE  OF  T.FINSER  N- .60  OUT  OF  BO 

SOURCE  OF  SUN  OF  SORS  NEAN  SOR  P- STATISTIC  SI  ON  I F 

1.8732  .1*13 


BETWEEN 

WITHIN 

TOTAL 


3 

76 

TV 


JIW.5 
TS729. 
81 32V. 


1866.5 
VV6.64 

(RANOON  EFFECTS  STATISTICS! 


ETA-  .262*  ETA-SOR-  .06V V  (VAR  COMP.  43.503  XVAR  AMONG-  4.  IN) 


LEVEL 


NEAN 


VARIANCE  STO  OEV 


UNIVARIATE  l— WAY  ANOVA  CASES-SEXtHALE 


ANALYSIS  OF  VARIANCE  OF  7..FINGER  N«  80  OUT  OP  BO 

SOURCE  OF  SUN  OF  SORS  NEAN  SOR  P-STATISTIC  SIGNIF 


BETWEEN 

’3 

5193.6 

1731.2 

3.1047  .8315 

WITHIN 

76 

42378. 

557.61 

TOTAL 

TV 

47572. 

(RANDOM  EFFECTS  STATISTICS! 

ETA-  .3304 

ETA-SOR-  .1092  (VAR  COMP-  58.680 

XVAR  AMONG-  9.52! 

LEVEL 

N 

NEAN 

VARIANCE 

STO  OEV 

loot 

20 

45.  B51 

1451.1 

SB. 120 

75  X 

20 

37.022 

342.03 

18.494 

BOX 

20 

76.164 

115.94 

in. 76« 

25X 

20 

25.751 

319.36 

17.871 

GRAND 

80 

33.497 

602.18 

74. 539 

Table  21  -  Peak  Level  Exertion  Component  (based  upon  100% 
exertion  level  average)  ANOVA  for  Finger  Flexion 


Percentages  Based  Upon  the  Maximal  Strength  Exertion 

The  results  of  ANOVAs  analyzing  the  maintained  portion 
of  the  strength  are  shown  in  Tables  22  through  25.  They 
concern  the  group  as  a  whole  and  each  sex  grouping,  for  LF, 
LE,  EF,  and  FF.  The  group  ANOVA  indicates  significant  vari¬ 
ability  differences  for  each  type  of  exertion  (FLf  =  4.25, 

Fle  =  10.23,  FEF  =  4.70,  Fff  =  13.01,  d.f.  =  3/156,  p  <  .01). 
As  in  the  previous  section,  the  LE,  EF  and  FF  exertions  indi¬ 
cate  a  pattern  of  increased  variability  as  the  exertion  level 
increases.  The  female  group  exhibited  significant  ANOVAs  for 
the  LE,  EF,  and  FF  types  of  exertion  (FL£  =  7.04,  F£F  =  6.25, 
FFF  =  =  3/76*  P  =  *°1)  with  similar  variability 

pattern  trends.  The  only  significant  F-statistic  for  the 
male  group  which  exhibited  this  pattern  was  found  for  the  FF 
type  of  exertion  (FfF  =  4.76,  d.f.  =  3/76,  p  S  .01). 

Thus,  the  same  groups  showed  significant  results  in 
these  ANOVAs  based  on  the  maximal  strength  scores,  as  were 
previously  found  with  the  data  based  upon  the  average  scores. 
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univariate  i-vav  anova  casis«ca$E8«i-160 


ANALYSIS  OF  VARIANCE  OF  5.LE6FL  N>  160  OUT  OF  160 


SOURCE  OF  SUN  OF  SORS  REAM  SOR  F-STaTISTIC  SUNIF 


OETVEEN 

3 

301  A.  1 

1006.0 

4.2269  .0066 

Ml  THIN 

1S6 

37129. 

230.00 

TOTAL 

IS* 

40147. 

1  RAND 04  EFFECTS  STATISTICS! 

(Ta*  .2742 

ET* 

-SOR-  .0732  I VAR  COMP-  1V.201 

*VaR  AMONG-  T. 471 

lEVEl 

N 

mean 

VARIANCE 

STO  DEV 

toot 

40 

SO.  374 

277.  36 

16.654 

7» 

40 

33.911 

316.32 

17.791 

SOS 

40 

20.27? 

230.05 

15.(94 

25* 

40 

21.967 

127.28 

11.282 

•UNO 

160 

20.631 

252.50 

15.090 

UNIVARIATE  1-MAV  ANOVA  CASES-SEXt FEMALE 


ANALYSIS 

OF' VARIANCE  OF 

S.LEOFL  N- 

80  OUT  OF 

SO 

SOURCE 

OF  SUN  OF  SORS 

NEAN  SOR  F 

-STATISTIC  SI  ON  IF 

OETVEEN 

3 

2115.0 

205.26 

3.1012  .0516 

VI  THIN 

76 

17284. 

227.42 

TOTAL 

79 

1*400. 

1  RANDOM  EFFECTS  STATISTICS) 

ETA-  .1302  ETA 

-SOR*  .1091  (VAR  CONF-  23.892 

XVAR  among-  9.51) 

REVEL 

N 

MEAN 

VARIANCE 

STD  DEV 

1000 

20 

27.602 

197.45 

14.052 

750 

20 

37.430 

263.96 

16.247 

500 

20 

29.628 

285.29 

16.091 

250 

20 

23.232 

162.98 

12.766 

OR'ANO 

00 

29.473 

245.56 

15.670 

UNIVARIATE  l-MAT  ANOVA  CASES-SEXt MAL E 


ANALYSIS  OF  VARIANCE  OF  S.LEGFL  N>  00  OUT  OF  00 

SOURCE  OF  SUN  OF  SORS  MEAN  SOR  ^-STATISTIC  SI  ON  IF 


OETVEEN 

3 

1720.3 

576.42 

2.3173  .0823 

Ml  THIN 

76 

10905. 

240.74 

TOTAL 

79 

20654. 

(RANDOM  EFFECTS  STATISTICS) 

HA-  .2095 

ETA-SOR-  .0838  (VAR  SONF*  16.384 

SVA8  AMONG-  6.18) 

RE  Mil 

N 

NEAN 

VARIANCE 

STO  DEV 

1000 

20 

•  3.146 

353.70 

10.060 

73* 

20 

30.391 

359.67 

10.963 

00* 

20 

20a*t6 

IS4.H 

13.000 

IS* 

20 

20.702 

04.022 

9.7428 

ORANO 

•0 

*M»? 

161.19 

16.161 

Table  22  -  Maintained  Level  Exertion  Component  (based  upon 
greatest  exertion)  ANOVA  for  Leg  Flexion 
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<AN9VA  VAR-4, ».  4,7  C1$FS«M»9 
UNIVARIATE  l-VAV  ANOVA  C ASES-C ASE ' : I- 160 

ANALYSIS  OF  VARIANCE  OF  4.LE6EX  N>  I  AO  OUT  OF  160 


SOURCE 

of  : 

SUN  OF  SORS 

MEAN  SOR  FV STATISTIC  SICNIF 

BETWEEN 

9 

4405. 7 

1468.6  10.235  .0000 

WITHIN 

196 

22384. 

143.49 

TOTAL 

190 

26790. 

(RANOON  EFFECTS  STATISTICS! 

ETA-  .4055 

ETA 

t 

• 

QC 

o 

VO 

1 

1645  I VAR  COM2-  33.127  SVAR  AN0N6-  18.76 

Level 

N 

mean 

VARIANCE 

STO  DEV 

toot 

40 

32.96$ 

255.99 

16.000 

75t 

40 

27,000 

122.79 

11.081 

90S 

40 

24,07$ 

109.26 

10.453 

25S 

40 

19.01 B 

05.915 

9.2690 

ORANO 

160 

29.41$ 

168.49 

12.980 

,<AN0V4  VAR-4,5,6,7  CASES>V2>1  STRAT-V3> 

UNIVARIATE  l-VAV  ANOVA  CASES-SEXt FENALE 

ANALYSIS  OF  VARIANCE  OF  A.LECEX  N>  00  OUT  OF  BO 

SOURCE  OF  SUN  OF  SQRS  MEAN  SOR  P-STATJSTlC  SICNIF 


•ETWEEN 

3 

9114.0 

1038.0  7.0366  .0003 

WITHIN 

76 

11211. 

147.51 

TOTAL 

79 

1432  5. 

IRANDDH  EFFECTS  STATISTICS! 

ETA-  .4662 

ETA. 

-SOR-  .2174  (VAR  COHF-  44.524  3VAR  A NONA-  23.19 

LEVEL 

N 

NEAN 

VARIANCE 

STD  DEV 

loot 

20 

34:840 

904.0$ 

17.437 

753 

20 

27.908 

124.51 

11.199 

903 

20 

23.319 

109.97 

10.048 

253 

20 

17.769 

60.51$ 

7.7791 

ORANO 

90 

26.009 

181.93 

13.460 

<ANOVA  VAR-4, 5,6,7  CASES-V2H  STRAT-V3> 
UNIVARIATE  l-VAV  ANOVA  CASES-SEX>NALE 


ANALYSIS  OF 

variance  of 

4.LE6EX  N- 

80  OUT  OF  80 

SOURCE 

OF  SUN  OF  SQRS 

NEAN  SOR  P- STATISTIC  SICNIF 

BETWEEN 

WITHIN 

76 

1490.0 

I091B. 

496.68  3.4973  .0205 

443.46 

TOTAL 

79 

12408. 

IRANDON  EFFECTS  STATISTICS! 

ITA-  .3465 

ETA-SQR-  .1201  (VAR  C0N2-  17.691  SVAR  AN0NS-  10.941 

LEVEL 

N 

MAN 

variance 

STO  OlV 

loot 

20 

90.290 

210.98 

14.909 

79* 

20 

26.091 

123.79 

11.216 

10* 

20 

74.691 

172.69 

11.079 

19* 

Xt 

18.268 

115.71 

10.757 

•ANO 

•0 

24.820 

197.07 

I2.S3V 

Table  23  -  Maintained  Level  Exertion  Component  (based  upon 
- greatest  exertion)  ANOVA  for  Leg  Extension 


UNIVARIATE  t-NAV  ANOVA  CASES-CASEt: 1-160 


H 


1 

i 

ANALYSIS  OF 

variance  OF 

6.E180V  N- 

160  OUT  or  160 

SOURCE 

OF  SUN  0F: SORS 

HEAN  SOR  F- STATISTIC  SISnIF 

, 

1ETMEEN 

7 

3431.2 

1143.7  4.7007  .0036 

' 

WITHIN 

156 

87957. 

243.31 

TOTAL 

159 

41889. 

(RANOON  EFFECTS  STATISTICS! 

j 

ETA-  .1879 

ETA-SOR-  .0829  (VAR  COW-  22.510  XVAR  A  HONS*  8.47 

( 

level 

N  HEAN 

VARIANCE 

STO  DEV 

1 

.J 

loot 

40  90.498 

515.17 

22.697 

75* 

40  25. 51 7 

183.23 

13.536 

f 

90S 

40  24.277 

184.00 

13.565 

1 

ESS 

40  (7.520 

90.850 

9.5315 

/  j 

,  i 

CRANO 

160  <4.441 

260.30 

16.134 

\ 

♦ 

J 

UNIVARIATE 

1-WAV  ANOVA 

CASES- SEX: FE HALE 

i 

ANALYSIS  OF 

variance  of 

6. El  BOV  N* 

RO  OJT  OF  80 

"  i  • 

t 

SOURCE 

OF  SUN  OF  SORS 

HEAN  SOR  F-STATlStIC  SICNIF 

! 

8ETVEEN 

1 

5121.8 

1707.3  6.2574  .0008 

WITHIN 

76 

20756. 

273.10 

r 

total 

79 

25877. 

(RANOON  EFFECTS  STATISTICS! 

i 

ETA-  .4449 

ETA-SOR*  .1979  (VAR  COHP-  71.709  WAR  A  HONS*  20.81 

level 

N  MEAN 

VARIANCE 

STD  DEV 

4 

100S 

20  88.643 

640.70 

*5.  31 T 

-j 

7SS 

20  27.899 

214.05 

14.631 

i 

SOS 

20  28.284 

169.47 

13.018 

25  S 

20  16.627 

68.178 

8.2567 

1 

— "V 

9 

CRANO 

00  26.488 

327.96 

18.091 

.*s 

* 


UNIVARIATE  l-WAV  anova  cases-sekinale 


ANAITSIS  OR  VARIANCE  OF  6.EH0W  N-  10  OJT  OF  RO 

SOURCE  OF  SUN  OF  $ORS  WAN  SQR  f-STATISTIC  SICNIF 


IETVEEN 

3 

502.73 

167.58  .88830  .4512 

WITHIN 

76 

14337. 

188.65 

TOTAL 

79 

14840. 

(RANOON  EFFECTS  STATISTICS! 

CTA-  .1841 

ETA-SOR-  .0139  (VAR  COHF-  -1.0536  SVAR  AHONC*  -N». 

LEVEL 

N 

KEAN 

variance 

STO  OEV 

1008 

20 

22.353 

277.09 

16.645 

75  S 

20 

21.627 

154.57 

12.452 

» 

80S 

20 

25.1*2  * 

m*si 

I4.S64 

25  S 

10 

18.414 

116.6) 

10.799 

ORAM) 

90 

(t.»4 

887*05 

13.796 

Table  24  -  Maintained  Level  Exertion  Component  (based  upon 
greatest  exertion)  ANOVA  for  Elbow  Flexion 
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UNIVARIATE  (-VAT  ANOVA  CASES-CA$E«tl-160 


ANALYSIS  OF 

VARIANCE  OF 

7.FINGER 

N*  160  OUT  OF  160 

SOURCE 

OF  SUN  OF  SORS 

NEAN  SOR  F-STATISTIC  SICNIF 

•ETVEEN 

9 

12076. 

4929.9  19.000  .0000 

VI  THIN 

1 96 

St  OAR. 

992.48 

TOTAL 

190 

64844. 

(RANOON  EFFECTS  STATISTICS  1 

ETA-  .4479 

ETAwSOR*  .7001  (VAR  CORF-  00.071  XV A R  AHONS-  79.00 

LEVEL 

N 

MEAN 

VARIANCE 

STD  DEV 

toot 

40 

49.9R1 

944.15 

29.927 

T5t 

40 

92.640 

264.15 

16.259 

90S 

40 

76.027 

904.00 

17.450 

40 

10.159 

216.04 

14.725 

OR  AND 

too 

90.959 

407*02 

20.105 

SINK  VREV10US 

IWIVAR1ATE 

1-VAV  ANOVA 

CASES-SEXIFENALE 

ANALYSIS  of  variance  of 

T-.F INGER 

N-  OO  OUT  OF  00 

SOURCE 

of  sun  of  sors 

NEAN  SOR  F-S7ATISTIC  SICNIF 

oetveen 

s 

0200.0 

9006.6  0.6004  .0000 

IW«N 

n 

5HI3: 

?iifc5Bo  EFFECTS  STATISTICS! 

ETA-  .9244 

ETA^SOR-  .2790  t VAR  CORF.  190.72  XVAR  AMONG-  90.00 

level 

N 

NEAN 

VARIANCE 

STD  DEV 

loot 

20 

48.702 

92  5.09 

11.020 

T5X 

20 

95.066 

926.72 

18.075 

SOX 

20 

91.920 

449.00 

21.071 

291 

20 

10,914 

109.97 

I9.V06 

brand 

-so 

99.-4T1 

427.69 

20.670 

UNIVARIATE  I-VAV  ANOVA  CASES-SEXtNALE 


ANALYSIS  OF  VARIANCE  Of  T.FINSER  N-  NO  OUT  Of  DO 


SOURCE  OF  SUN  Of  SORT  N|AN  SOR  F-STATISTIC  SICNIF 


OETVEEN 

.  s 

6660.6 

1996.9 

4.7699  .0049 

VtTHIN 

76 

20899. 

926.71 

TOTAL 

to 

24905. 

t RAND ON  EFFECTS 

STATISTICS) 

ETA-  .9070 

ETA 

-SOR-  .1919  (VAR  CONF-  61.411 

WAR 

AMONG-  19.04 

IE  VII 

N 

NEAN 

VARIANCE 

STD  DEV 

loot 

20 

OS. 970 

794.  VS 

27.110 

79* 

ro 

90.291 

2*9.  rr 

14.794 

SOS 

to 

20.994 

110.19 

10.060 

291 

CO 

10.742 

290.06 

19.899 

ORANC 

«0 

27.294 

*79.41 

SO. 976 

Table  25  -  Maintained  Level  Exertion  Component  (based  upon 
greatest  exertion)  ANOVA  for  Finger  Flexion 
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An  interesting  contrast  to  these  findings  based  on  main¬ 
tained  levels  appears  when  reviewing  the  ANOVA  results  which 
analyze  the  peak  portion  of  the  exertion.  Unlike  with  the 
maintained  level  scores,  more  significant  F-statistics  appear 
for  the  peak  portion  of  the  exertion  when  it  was  based  upon 
the  maximum  exertion  than  when  based  upon  each  subject's  100% 
level  average.  These  peak  sensitive  ANOVAs  for  the  group  data 
and  for  each  sex  groupings  for  LF,  LE,  EF,  and  FF  appear  in 
Tables  26  through  29.  Significant  F-statistics  were  found  for 
the  group  data  for  each  type  of  exertion  (FLF  =  4.21,  FL£  = 
6.35,  FEF  =  4.08,  Fff  =  4.03,  d.f.  =  3/156,  p  *  .01).  How¬ 
ever,  only  the  LE  and  FF  types  of  exertion  indicated  the  pre¬ 
viously  found  patter  of  increasing  variability  at  increasing 
levels.  When  the  data  were  analyzed  by  sex  the  female  group 
showed  a  significant  F-ratio  for  the  LE  exertion  (FL£  =  5.08, 
d.f.  =  3/76,  p  ^  .01)  which  did  indicate  the  same  variability 
pattern.  The  male  group  produced  a  significant  F-statistic 
for  the  FF  exertion  (F^  =  4.23,  d.f.  =  3/76,  p  i  .01)  how¬ 
ever  the  variability  pattern  in  this  case  was  unclear. 
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ANALYSIS  OF  VARIANCE  OF  S.LEBFl  N-  160  OUT  OF  160 


SOURCE 

OF  SUN  OF  SORS 

MEAN  SOR  F- STATISTIC  SIGNIF 

•ETVEEN 

3 

2666.1 

666.70  4.2122  .0066 

WITHIN 

ISA 

37024. 

237.33 

total 

ISO 

40023. 

IRANDON  EFFECTS  STATISTICS) 

ETA-  .173? 

ETA-SOR-  .0746  IVAR  CONF-  16.056  XVAR  ANONG-  7.43) 

LEVEL 

N  HEAN 

VARIANCE 

STO  DEV 

too? 

40  10.136 

261.13 

17.063 

75* 

40  33.763 

304.72 

17.456 

sot 

40  27.774 

226.60 

15.167 

25* 

40  21.874 

123.58 

11.117 

CRANO  160  28.3«2 

2S1.72 

15.066 

UNIVARIATE 

l-WAV  ANOVA 

CASES-SE«tFENALE 

ANALYSIS  OF 

VARIANCE  of 

S.LE6FL  N- 

BO  OJT  OF  BO 

SOURCE 

OF  SUN  OF  SORS 

HEAN  SOR  F-STaTISTIC  SIGnIF 

BETWEEN 

3 

2154.3 

713.12  3.1213  .0708 

WITHIN 

76 

174RS. 

230.07 

TOTAL 

76 

16640. 

IRANDON  EFFECTS  STATISTICS! 

ETA-  .3312 

ETA 

-SOR-  .1067  IVAR  COHF-  24.402  IVAR  A HONG-  6.56J 

tew 

N 

mean 

VARIANCE 

STD  DEV 

1007 

20 

26.663 

223.41 

14.647 

753 

20 

37.010 

254.63 

15.657 

SO* 

20 

26. 4B4 

262.17 

17.067 

253 

20 

22.741 

150.08 

12.251 

BRAND 

BO 

26.050 

248.60 

15.767 

UNIVARIATE  1-MAT  ANOVA  C ASES-SEI: NAL E 


ANALYSIS  OF 

VARIANCE  OF 

5.LECFL  n> 

BO  OUT  OF  BO 

SOURCE 

DF  SUN  OF  SORS 

HEAN  SOR  F- STATISTIC  SIGNIF 

BETWEEN 

3 

1742.6 

580.86  2.3770  .0765 

WITHIN 

76 

18572. 

244.76 

TOTAL 

76 

20314. 

IRANDON  EFFECTS  STATISTICS) 

ETA-  .2626 

ETA*SQR-  .0858  (VAR  CONF-  16.825  XVAR  A NONE-  6.44) 

level 

N 

MEAN 

VARIANCE 

STD  DEV 

100* 

20 

73.  312 

352.65 

IB. 787 

75* 

20 

30.595 

348.63 

18.680 

BOX 

20 

26.063 

173.56 

13.174 

29X 

20 

21.006 

102.01 

10.100 

BRAND 

se 

27.734 

297.14 

16.036 

Table  26 


Peak  Exertion  Component  (based  upon  greatest 
exertion)  ANOVA  for  Leg  Flexion 
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<AHOVA  Vtl>4.i,ilT  CASES-t-160  !T«»T»»J> 
UNIVARIATE  l-WAY  AN OVA  CASES-CASEAt 1-160 


ANALYSIS  OF 

:  variance  of 

4.LEEEX  N-  160  OUT  OF  160 

SOURCE 

OF  SUN  Of:  sqrs 

R| AN  SO* 

F>-STAT1STIC  SIGNIF 

iETvEEN 

3 

2827.5 

942.50 

6.3506  .0004 

VI  THIN 

156 

23152. 

148.41 

TOTAL 

159 

25980. 

(RANOON  EFFECTS  STATISTICS) 

ETA-  .329V 

ETA-SOR-  .1088  (VAR  CORF-  19.852 

tVAR  ARONS-  11.80) 

LEVEL 

N  NEAN 

variance 

STD  DEV 

toot 

90  30.807 

246.74 

15.708 

75t 

90  27.S69 

149.49 

12.227 

sot 

90  29.541 

112.32 

10.598 

25  X 

90  19.388 

05.107 

9.2253 

GRANO 

160  25.575 

163.40 

12.783 

- facxrrxyr* 

aNOYA  VAR- 

9,  5*  6*7  CASES-V2H  STRaT-V3> 

UNIVARIATE 

1-WAY  ANOVA 

cases-sek*  fenaie 

ANALYSIS  OF 

VARIANCE  OF 

4.LE6EX  N- 

•0  OJT  OF 

80 

SOURCE 

OF  SUN  OF  SORS 

REAN  SQR  I 

F- STATISTIC  SI  ON  IF 

«ETWEEN 

3 

2396.5 

798.84 

5.0871  .OOM 

within 

76 

11935. 

157.03 

TOTAL 

79 

14331. 

IRANOON  EFFECTS  STATISTICS! 

ETA-  .*089 

ETA-SOR-  .1672  (VAR  CORF-  32.090 

tVAR  ARONS-  16.97 1 

LEVEL 

N  MEAN 

VARIANCE 

STD  DEV 

toot 

20  33.516 

251.91 

15.872 

T3X 

20  29.362 

200.22 

14.150 

sot 

20  23.147 

107.22 

10.354 

251 

20  19.339 

68.785 

8.2937 

GRAND 

•0  26.391 

181.41 

13.469 

TANOVA  VAR-9, 5, 6*7  CASES 

i-V2*2  STR AT-V1> 

UNIVARIATE 

1-WAY  ANOVA 

CASES-SEK* RALE 

ANALYSIS  OF 

VARIANCE  OF 

4.LE6EX  N- 

•0  OUT  OF 

80 

SOURCE 

OF  SUN  OF  SORS 

REAN  SOR  | 

F-StATlSTlC  SISNIF 

•ETVEEN 

S 

037.58 

279.19 

1.9799  .1241 

WITHIN 

76 

10717. 

141.02 

TOTAL 

79 

T1555. 

IRANOON  EFFECTS  STATISTICS) 

eta-  -ztsi 

ETA-SOR-  .072$  1  VAR  CORF-  6.9088 

tYAR  ARONS.  4.67) 

LEVEL 

N  NEAN 

variance 

STO  OEV 

loot 

20  28.099' 

239.10 

15.463 

TS1 

70  2S.767 

99.820 

9.9910 

SOI 

20  25.935 

119.24 

10.920 

SSt 

20  19.996 

105.90 

10.291 

•AND 

SO  29.009 

146.26 

12.094 

Table  27  -  Peak  Exertion  Component  (based  upon  greatest 
exertion)  ANOVA  for  Leg  Extension 
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UNIVaRIATE  1-VAV  AHO»A  CASES-CASEC  1-160 


ANALYSIS  OF 

VARIANCE  OF 

6.ELB0V  N* 

160  OUT  OF  140 

SOURCE 

OF  SUN  OF  SQRS 

MEAN  SOR  F.STATISTIC  SIONIF 

BETWEEN 

9 

2628.1 

B76.05  4.0806  .0080 

VI  THIN 

196 

99491. 

214.69 

TOTAL 

159 

96119. 

1RAN004  EFFECTS  STATISTICS! 

ETA-  .2607 

ETA 

-SOR*  .0729  1  VAR  COHP*  16.594  WAR  ANONS-  7.151 

LEVEL 

N 

MEAN 

VARIANCE 

STO  OEV 

toot 

40 

25.799 

929.43 

17.984 

75T 

40 

9i.no 

176.26 

19.276 

BOS 

40 

27. BO  5 

213.70 

14.618 

25  S 

40 

19.982 

145.96 

12.057 

GRAND 

160 

26.179 

227.17 

15.072 

l*', I  VARIATE  1-Hit  ANOVA  CASES-SEXIf ENALE 


ANALYSIS  OF  VARIANCE  OF  6.ELB0W  H*  BO  OUT  OF  NO 


SOURCE 

OF  SUN  OF  SORS 

HE AN  SOR  F-STAT  1ST JC  SICNIF 

between 

9 

2167.1 

729.02  2.9627  .0974 

WITHIN 

76 

18701. 

246.87 

TOTAL  ' 

79 

20883. 

IRAN90N  EFFECTS  STATISTICS! 

ETA.  .9296 

ETA 

"SO*-  .1047  1  VAR  CDHF-  24.148  WAR  A  HONS*  6.941 

LEVEL 

N 

mean 

variance 

STO  OEV 

wot 

20 

99.097 

406.18 

20.154 

75S 

>0 

11.  274 

165.02 

12.846 

50* 

20 

27.594 

254.25 

15.945 

25S 

20 

19.446 

158.82 

12^607 

GRAND 

■0 

27.829 

26  4.41 

16.261 

UNIVARIATE  l-WAY  AN OVA  CASES-SEVt BALE 


ANALYSIS  OF 

VARIANCE  OF 

6. ELBOW  N« 

80  OJT  OF  80 

SOURCE 

OF  SUN  OF  SQRS 

MEAN  SOR  F.STATISTIC  SIGnIF 

BETVEEN 

9 

2119.7 

706.55  4.2951  .0060 

WITHIN 

76 

12679. 

166.89 

TOTAL 

79 

14799. 

IRANOON  EFFECTS  STATISTICS! 

ETA-  .9785 

ETA-SOR-  .1492  «VAR  COOP-  26.986  tVAR  A  NONE*  11.92 

LEVEL 

N  KEAN 

VARIANCE 

STO  OEV 

toot 

20  18.561 

147.41 

12.14T 

759 

20  10.956 

196.73 

14.026 

109 

20  28.077 

164.24 

19.524 

25t 

20  20.518 

13R.94 

11.767 

GRAND 

•0  24. 596 

107.91 

15.66T 

Table  28  -  Peak  Exertion  Component  (based  upon  greatest 
exertion)  ANOVA  for  Elbow  Flexion 
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l)N  I  VAR  1  AT  E 


I  OVA  CASES*CASE*< 1-169 


ANALYSIS  Of  VARIANCE  OF  7.FIN6ER  N*  160  OUT  OF  160 


SOURCE 


OF  SUN  OF  SQRS  HERN  SOI  F-STATISTIC  SIGnIF 


OETHEEN 

3 

4997.7 

1665.9 

4.0347 

.0085 

VITHIN 

156 

64412. 

412.90 

TOTAL 

159 

69409. 

IRAN309  EFFECTS 

S7ATI ST  ICS) 

ETA*  .2683 

ETA-(SOR*  .0720  t VAR  COHF*  31.325 

TVAR 

ARONS* 

7.05) 

1FVEI 

N 

HEAN 

variance 

STO  DEV 

1002 

40 

36.44? 

61 9.91 

24.899 

751 

40 

34.779 

995.4? 

19.985 

902 

40 

30.214 

356.49 

18.981 

252 

40 

22.028 

279.77 

16.726 

SR  AND 

160 

30.966 

436.54 

70.997 

SINK  PREVIOUS 


UNIVARIATE  1-VAT  ANOVA  C ASES-SEYt FEHALE 


ANALYSIS  OF 

variance  of 

7. FINGER 

N-  80  OUT  OF  00 

SOURCE 

OF  SUR  OF  SOR$ 

HEAN  SOR  F-STATISTIC  SICNIF 

oetneen 

3 

*36  94.1 

1218.0  2.4303  .07(7 

VITHIN 

76 

99091. 

901.19 

TOTAL 

79 

41743. 

(RANOOH  EFFECTS  STATISTICS! 

ETA*  .2959 

ETA 

-SOA-  .0*75  1  VAR  CORF*  39.842  SVAR  IRONS-  6.671 

LEVEL 

N 

nean 

VARIANCE 

STD  DEV 

loot 

20 

77.094 

694.06 

29.979 

751 

20 

37.393 

926.60 

22.948 

302 

20 

97.714 

919.70 

22.797 

252 

20 

21.781 

904.40 

17.447 

CR'ANL 

00 

11.481 

920.41 

22.987 

UNIVARIATE  1-VAT  ANOVA  CASES-SEXiRALE 


ANALYSIS  OF 

SOURCE 

•ETVESN 

VITHIN 

TOTAL 

ETA*  .3239 


VARIANCE  Of  7.FINGER  N*  00  JUT  OF  00 

OF  SUN  OF  SQRS  H|AN  SOR  F-STATISTIC  SICNIF 

3  7700. A  926.02  2.9600  .0975 

76  23790.  913.03 

79  26371.  IAAN90N  EFFECTS  STATISTICS! 

ETA -(SOI.  .1046  I  VAR  CORF-  30.689  SVAR  A  HONS*  0.93) 


LEVEL 

91 

HEAN 

VARIANCE 

STO  »£V 

1002 

20 

35.791 

ALT. 39 

24.390 

792 

20 

32.224 

271.31 

16.47? 

902 

20 

22.713 

09.909 

0.673% 

292 

20 

22.273 

269.72 

16.423 

OR  A  NS 

00 

20.231 

*16.96 

10.940 

Table  29  -  Peak  Exertion  Component  (based  upon  greatest 
exertion)  ANOVA  for  Finger  Flexion 


(C)  Slope  -  Strength  Analysis 

Each  subject's  correlation  coefficient  of  slope  versus 
the  percentage  of  strength  for  LF,  LE,  EF  and  FF  is  presented 
in  Tables  30  through  33.  Every  table  contains  two  correlation 
coefficients  for  each  subject:  one  related  to  the  percentage 
of  strength  in  the  maintained  portion  of  the  exertion,  the 
other  related  to  the  peak  portion  of  the  exertion.  The  corre¬ 
lation  coefficients  between  slope  and  maintained  force  were 
practically  the  same  whether  average  maintained  force  or  maxi¬ 
mal  maintained  force  were  used  as  base  values  for  the  calcula¬ 
tion  of  percentages.  The  same  held  true  for  the  correlations 
between  slope  and  peak  percentages. 

As  the  tables  indicate,  the  correlation  coefficients  for 
the  maintained  and  peak  portions  of  the  exertion  follow  each 
other  rather  closely.  For  the  LF  exertion  36  subjects  pro¬ 
duced  significant  correlation  coefficients  under  each  measure. 
Of  those  failing  to  produce  significant  values  two  were  male 
and  two  were  female.  The  average  correlation  coefficient  for 
the  group  was  .790  for  both  the  maintained  and  peaks  components 
of  the  exertion.  For  the  LE  exertion  six  out  of  40  subjects 
(one  male,  five  female)  failed  to  produce  significant  correla¬ 
tions  in  the  maintained  condition  while  seven  out  of  40  (two 
male,  five  female)  subjects  failed  to  produce  significant  peak 
values.  The  group  correlation  coefficient  average  for  the 
maintained  level  component  was  .810,  versus  .785  for  the  peak 
component.  Within  the  EF  type  of  exertion  only  one  (male) 
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subject  out  of  40  did  not  produce  a  significant  value  (main¬ 
tained  and  peak)  and  most  values  under  this  exertion  were  ra¬ 
ther  high  by  comparison.  This  EF  type  of  exertion  produced 
the  highest  group  correlation  coefficient  for  both  the  main¬ 
tained  level  (.850),  and  the  peak  (.870)  components  of  the 
exertion.  In  the  FF  exertion  only  male  subjects  (three  for 
the  maintained  condition  and  two  for  the  peak  condition)  fail¬ 
ed  to  produce  significant  correlation  coefficients.  This  con¬ 
dition  produced  the  second  highest  group  correlation  coeffic¬ 
ient  for  both  maintained  (.835)  and  peak  (.860)  components. 

One  subject  performed  poorly  in  all  types  of  exertion. 

The  trend  in  these  analyses  seems  to  indicate  that  the 
more  finely  tuned  the  muscle  group  tested,  the  higher  the  cor¬ 
relation  coefficient:  arms  and  fingers  are  used  preferably  for 
tasks  requiring  accuracy,  whereas  legs  are  generally  used  to 
produce  brute  force  and  power.  The  group  correlation  coeffi¬ 
cients  (normalized  for  2  scores,  all  significant)  were  as 
follows: 

Maintained 


rLF  = 

Peak 

.790,  rLE  = 

.810, 

^EF 

.850,  rpF  = 

.835;  and 

rLF  = 

*790'  ?LE  = 

.785, 

*EF  = 

.870;  rpp  = 

.860; 

each  with 

d.f.  =  40,  p  S  .01. 
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Peak 


Subject 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 


Grand  r 


Maintained 


r 

Z 

r 

Z 

.5919 

.678 

.5965 

.685 

.9071 

1.499 

.8976 

1.447 

.7683 

1.008 

.7926 

1.071 

.5932 

.685 

.5836 

.670 

.5198* 

.576 

.5214* 

.576 

.8419 

1.221 

.8280 

1.172 

.6109 

.709 

.6269 

.733 

.7762 

1.033 

.7832 

1.058 

.6407 

.758 

.6149 

.725 

.6830 

.838 

.7004 

.867 

.9638 

2.014 

.9535 

1.886 

.9817 

2.298 

.9831 

2.443 

.6826 

.838 

.6900 

.848 

.5953 

.685 

.5978 

.693 

.8120 

.709 

.7762 

1.033 

.5043* 

.556 

.5144* 

.570 

.7780 

1.045 

.7791 

1.045 

.8165 

1.143 

.8251 

1.172 

.3942* 

.418 

-.1911* 

.120 

.9310 

1.658 

.9257 

1.623 

.7566 

.964 

.7556 

.984 

.7662 

1.008 

.7645 

1.008 

.9175 

1.557 

.9210 

1.589 

.3332* 

.343 

.3349* 

.348 

.8105 

1.127 

.8142 

1.142 

.8350 

1.204 

.8294 

1.188 

.8028 

1.099 

.7758 

1.033 

.9098 

1.528 

.9073 

1.528 

.5618 

.633 

.5706 

.715 

.8095 

1.127 

.8147 

1.142 

.7827 

1.058 

.7754 

1.033 

.8811 

1.376 

.8829 

1.398 

.7503 

.973 

.7469 

.973 

.8992 

1.472 

.9015 

1.472 

.7897 

1.071 

.7931 

1.085 

.6249 

.733 

.6120 

.709 

.9745 

2.185 

.9762 

2.185 

.6572 

.784 

.6771 

.802 

.8633 

1.313 

.8487 

1.256 

.6858 

.838 

.7431 

.962 

1.069  1.068 


0.790  -790 


*  =  not  significant 


(r 


crit 


=  0.542;  df. 


16;  p  <  .01) 


Table  30  -  Correlation  Coefficients  and  Z  Transformations 
for  the  Components  of  Leg  Flexion 


Subject 

Maintained 

Peak 

r 

Z 

r 

Z 

1 

.6981 

.867 

.7098 

.867 

2 

.8217 

1.157 

.8236 

1.172 

3 

.4426* 

.485 

.4276* 

.454 

4 

.1971* 

.203 

.1788* 

.182 

5 

.6369 

.741 

.6454 

.478 

6 

-.0843* 

-.084 

-.0775* 

-.077 

7 

.6912 

.848 

.6976 

.858 

8 

.9430 

1.783 

.9401 

1.738 

9 

.6211 

.725 

.6327 

.750 

10 

.7199 

.908 

.7989 

1.099 

11 

.7936 

1.058 

.7837 

1.058 

12 

.9095 

1.528 

.9066 

1.528 

13 

.8457 

1.256 

.8421 

1.221 

14 

.8696 

1.333 

.8752 

.1354 

15 

.7406 

.950 

.7456 

.962 

16 

.4275* 

.454 

.4411* 

.472 

1  ’ 

.7922 

1.071 

.7760 

1.033 

18 

.4631* 

.504 

.4083* 

.436 

19 

.9821 

2.298 

-.0272* 

-.027 

20 

.5415 

.604 

.5330* 

.597 

21 

.7742 

1.033 

.7718 

1.020 

22 

.8636 

1.313 

.8732 

1.354 

23 

.9261 

1.623 

.9223 

1.589 

24 

.7526 

.973 

.7455 

.962 

25 

.9225 

1.589 

.9239 

1.623 

26 

.8460 

1.238 

.8437 

1.238 

27 

.9891 

2.647 

.9916 

2.647 

28 

.7932 

1.085 

.7877 

1.058 

29 

.9036 

1.499 

.8800 

1.376 

30 

.6401 

.758 

.6587 

.793 

31 

.7963 

1.085 

.7941 

1.085 

32 

.8406 

1.221 

.7806 

1.045 

33 

.9337 

1.697 

.9300 

1.658 

34 

.8055 

1.113 

.8068 

1.113 

35 

.9085 

1.528 

.9062 

1.499 

36 

.8998 

1.472 

.8988 

1.472 

37 

.8500 

1.256 

.8532 

1.274 

38 

.4138* 

.442 

.4085 

.436 

39 

.9576 

1.886 

.9449 

1.832 

40 

.6861 

.838 

.7204 

.908 

1.124 

1.053 

Grand  r  .810  .785 

*  =  not  significant 

(rcrit  =  °-542'  df-  =  16'*  P  <  -01) 

Table  31  -  Correlation  Coefficients  and  Z  Transformations 
for  the  Components  of  Leg  Extension 
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Subject 

Maintained 

Peak 

r 

Z 

r 

Z 

1 

.8742 

1.354 

.8858 

1.398 

2 

.7010 

.867 

.7434 

.962 

3 

.9082 

1.528 

.8982 

1.472 

4 

.7792 

1.045 

.7384 

.950 

5 

.8825 

1.376 

.9014 

1.472 

6 

.7554 

.984 

.8605 

1.293 

7 

.8847 

1.398 

.8681 

1.333 

8 

.8394 

1.221 

.9402 

1.738 

9 

.5894 

.678 

.7149 

.897 

10 

.7539 

.984 

.8631 

1.313 

11 

.9224 

1.589 

.9435 

1.783 

12 

.9700 

2.092 

.9620 

1.946 

13 

.9355 

1.697 

.9186 

1.589 

14 

.7983 

1.099 

.7387 

.950 

15 

.9343 

1.204 

.9400 

1.738 

16 

.8040 

1.113 

.8235 

1.172 

17 

.8820 

1.376 

.8362 

1.204 

18 

.8618 

1.293 

.8697 

1.333 

19 

-.0292* 

-.029 

-.3012* 

-.310 

20 

.8584 

1.293 

.8569 

1.274 

21 

.9088 

1.528 

.9131 

1.557 

22 

.9145 

1.557 

.9300 

1.658 

23 

.9139 

1.557 

.9541 

1.886 

24 

.8761 

1.354 

.9082 

1.528 

25 

.8592 

1.293 

.8987 

1.472 

26 

.9408 

1.738 

.9485 

1.832 

27 

.8479 

1.256 

.8399 

1.188 

28 

.7669 

1.008 

.8012 

1.099 

29 

.9164 

1.557 

.8829 

1.398 

30 

.7823 

1.045 

.7794 

1.045 

31 

.7272 

.918 

.7452 

.962 

32 

.6383 

.758 

.7801 

1.045 

33 

.9197 

1.589 

.9261 

1.623 

34 

.8404 

1.221 

.8642 

1.313 

35 

.8672 

1.313 

.8849 

1.398 

36 

.7311 

.929 

.8500 

1.256 

37 

.8959 

1.447 

.8996 

1.472 

38 

.7764 

1.033 

.8116 

1.127 

39 

.9286 

1.658 

.9213 

1.589 

40 

.8900 

1.422 

.8552 

1.274 

^r 

1.258 

1.331 

Grand  r 

.850 

.870 

*  =  not  significant 

^rcrit  =  °*542; 

df.  =  16; 

p  <  .01) 

Table  32  -  Correlative  Coefficients  and  Z  Transformations 
for  the  Components  of  Elbow  Flexion 
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.811 

.7940 

1.422 

.9165 

2.014 

.9830 

2.185 

.9537 

1.589 

.9242 

1.209 

.835 

.918 

.113 

.528 

1.085 

1.557 

2.443 

1.886 

1.623 


1.288 


.860 


=  not  significant 
rcrit  =  °-542;  =  16;  P  <  -01) 

Table  33  -  Correlative  Coefficients  and  Z  Transformations 
for  the  Components  of  Finger  Flexion 


DISCUSSION 

The  results  displayed  in  the  preceding  tables  may  be 
interpreted  as  follows. 

With  respect  to  group  behavior,  males  tended  to  exert 
smaller  percentages  at  the  requested  levels  labeled  75,  50 
and  25%  than  females,  as  compared  to  their  exertions  exhibited 
at  the  100%  level.  This  holds  true  for  the  mean  values  of 
leg  flexion,  leg  extension,  and  elbow  flexion,  but  the  op¬ 
posite  is  apparent  for  finger  flexion.  While  no  definite 
explanation  for  this  phenomenon  is  offered  here,  one  might 
speculate  that  it  is  related  to  the  regulation  of  muscle 
strength  exertions  (to  be  discussed  later  in  this  section). 

As  usually  found  in  strength  tests,  male  subjects 
exerted  altogether  larger  absolute  forces  than  female  subjects. 
In  addition,  males  tended  to  achieve  their  force  exertions  in 
shorter  periods  of  time  than  females.  Again,  no  explanation 
for  this  phenomenon  is  offered.  Regarding  the  mean  values 
(whether  based  on  maintained  strength  or  peak  exertions)  the 
subjects  were  rather  accurate  in  indeed  exerting  50%  of  their 
strength  when  asked  to  do  so,  but  exerted  less  than  75%  and 
more  than  25%  when  requested  to  exert  75%  or  25%,  respectively. 

Regarding  the  variability  of  repeated  strength  scores 
at  the  levels  requested,  the  results  of  this  study  confirm 
findings  of  previous  experiments  concerning  elbow  flexions 
(Kroemer  1979,  Marras  1978,  Marras  &  Kroemer  1979).  With 
respect  to  elbow  flexion,  this  study  indicates  the  same  find- 
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ings  as  before,  i.e.,  no  variability  pattern  is  related  to 
levels  of  requested  force  exertion.  In  the  experiments  re¬ 
ported  here,  the  same  lack  of  trends  was  also  found  for  the 
other  strength  exertions,  namely  finger  flexion,  leg  flexion 
and  leg  extension.  It  is  true  that  the  null  hypothesis  was 
in  several  cases  refuted  by  the  analysis  of  the  experimental 
data,  in  such  that  there  were  indeed  several  instances  of  sig¬ 
nificant  differences  in  variability  at  several  of  the  request¬ 
ed  levels.  However,  the  primary  experimental  hypothesis  as¬ 
suming  increased  variability  with  decreased  levels  of  exertion 
was  not  supported.  If  trends  existed  at  all,  they  tended  to 
go  in  the  opposite  direction,  i.e.,  more  variability  seemed  to 
exist  at  higher  levers  of  force  exertion.  Thus,  in  conclusion, 
the  assumption  of  increasing  variability  with  decreasing  force 
levels  (Beck  and  Hettinger  1956;  Laurig,  Rohmert,  and  Zipp  1975; 
Rohmert  and  Sieber  1960)  was  not  supported  by  the  analysis  of 
the  present  experimental  results.  Recent  experiments  of  the 
present  authors  (Marras  1978,  Marras  and  Kroemer  1979)  had 
also  failed  to  support  the  earlier  assumption. 

With  respect  to  the  onset  slope  in  relation  to  the 
actually  achieved  percentage  of  force,  the  data  in  this  study 
also  confirm  previous  findings  of  the  same  authors.  High, 
positive  and  significant  correlation  coefficients  between 
onset  slope  and  percentage  of  strength  exerted  by  elbow 
flexion  had  been  found  both  when  the  experimental  data  were 
considered  for  the  individual  subjects,  and  for  group  means. 

This  same  result  was  found  in  this  study  for  three  more 
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strength  exertions,  namely  finger  flexion,  leg  extension  and 
leg  flexion-  Since  Z  transformations  were  used  in  the  com¬ 
putations  of  the  correlation  coefficients  for  groups,  the 
mean  correlation  coefficidents  for  the  groups  should  be  con¬ 
sidered  accurate  and  unbiased. 

With  respect  to  the  use  of  either  peak  or  maintained 
force  data  as  inputs  for  the  analysis,  this  study  does  not 
indicate  any  major  differences  in  the  interpretation  of  the 
data  based  on  either  procedure.  This  finding  has  two  con¬ 
sequences  : 

Even  when  using  peak  scores  as  data  inputs,  this  study 
does  not  at  all  agree  with  earlier  claims  that  larger 
variability  occures  at  lower  force  levels;  see  above. 
There  appears  to  be  no  reason  to  use  peak  readings  in¬ 
stead  of  maintained  level  scores  in  experiments  on  mus¬ 
cle  contractions  performed  according  to  the  standardized 
test  regimen  (Caldwell  et  al.  1974). 

With  respect  to  the  type  of  exertions,  i.e.,  the  body 
limbs  and  muscles  used  in  the  tests,  some  rather  interesting 
speculations  can  be  associated  with  the  experimental  findings, 
and  related  to  the  model  of  strength  regulation  (Kroemer  1979) 
explained  earlier  in  this  report.  While  all  four  types  of 
exertions  resulted  in  significant  correlation  coefficients 
between  slopes  and  strength  exertions,  the  highest  correla¬ 
tions  were  found  for  finger  and  elbow  flexion.  Lower  coeffi¬ 
cients  were  associated  with  knee  flexion  and  knee  extension. 
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Motions,  activities  and  strength  exertions  with  the  upper 
extremity  are  generally  thought  to  be  better  controlled,  and 
more  finely  tuned  than  with  the  lower  extremity.  Such  control 
requires  a  highly  developed  feedback  system  such  as  described 
in  the  model  of  strength  regulation.  However,  there  seems  to 
be  a  tradeoff  reflected  in  the  correlation  coefficient  between 
the  tuning  of  the  muscle  and  the  power  producing  capabilities 
of  the  muscle.  Future  research  may  focus  upon  this  observation 
and  attempt  to  quantify  the  actual  differences  in  correlation 
coefficients  among  exertion  types. 

In  summary,  the  experiments  indicate  the  following: 

1.  Experimental  hypotheses  number  one  and  two  appear 
acceptable  on  the  basis  of  analysis  of  the  data, 
while  hypothesis  number  three  is  rejected. 

2.  The  traditional  notion  that  the  level  of  strength 
exertion  can  be  identified  by  the  variability  of 
repeated  exertions  can  no  longer  be  maintained. 

This  study  refutes  again  the  assumption  that  larger 
variability  should  be  expected  at  lower  levels  of 
strength  capability  exertion,  and  that  minimal 
variability  should  be  expected  at  maximal  levels. 

3.  This  study  confirms  earlier  findings  by  the  authors 
that  the  speed  of  strength  formation  is  related  to 
the  portion  of  available  muscle  strength  exerted. 

High  correlation  coefficients  were  found  between 
the  onset  slope  and  the  percentage  of  individual 
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force  exerted.  This  finding  promises  to  provide 
a  technique  to  ascertain  whether  or  not  a  subject 
performs  at  the  maximum  possible  strength  level. 
Furthermore,  it  might  provide  a  technique  to  assess 
at  what  actual  level  of  strength  capability  the 
exertion  takes  place. 
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SUMMARY  AND  CONCLUSIONS 

Experiments  were  performed  with  20  female  and  20 
male  subjects  in  order  to  determine  indicators  of 
whether  the  subjects  performed  maximal  or  submaximal 
isometric  strength  exertions.  The  exertions  tested  were 
elbow  flexion,  finger  flexion,  knee  flexion  and  knee 
extension.  Subjects  were  instructed  to  perform  repeated 
tests  at  100,  75,  50  and  25%  of  their  individual  strength 
capabilities.  However,  no  external  controls  were  used  to 
ensure  exertions  at  these  levels.  The  only  performance 
measures  used  were  analog  recordings  of  the  strength 
scores  exerted  on  a  static  dynamometer. 

In  agreement  with  earlier  related  tests,  the  fol¬ 
lowing  was  found: 

1.  The  variability  of  tests  scores  in  repeated  exer¬ 
tions  is  not  a  viable  indicator  of  the  portion  of 
individual  strength  exerted.  In  contrast  to  older 
assumptions,  exertions  at  submaximal  levels  did 
not  show  larger  variability  than  maximal  exertions. 

2.  The  buildup  phase  of  strength  exertion  is  a  reliable 
indicator  of  the  force  level  to  be  attained. 

Though  different  in  its  magnitude  for  each  indivi¬ 
dual,  the  trend  is  obvious:  submaximal  strength 
exertions  require  a  longer  build-up  phase.  The 
steeper  the  strength  formation  curve,  the  stronger 
the  following  muscle  strength  exertion. 


L. 


63 


Accordingly,  the  onset  slope  of  a  muscle  strength  exer¬ 
tion,  recorded  at  an  external  dynamometer,  indicates  the  con¬ 
formance  of  a  subject  with  the  instruction  to  perform  a  maximal 
insometric  muscle  strength  exertion. 
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FUTURE  RESEARCH  NEEDS 


(A)  The  experimental  results  show  (in  agreement  with  earlier 
studies  of  the  same  authors )  that  the  formation  of  a  strength 
contraction,  i.e.  the  onset  slope,  is  a  reliable  indicator 

of  an  individual's  cooperation  in  exerting  a  maximal  strength 
exertion.  Though  individually  different,  the  results  indicate 
that  for  any  given  subject,  a  relatively  slow  onset  (flat 
angle)  indicates  a  submaximal  exertion,  and  a  quick  onset 
(steep  angle)  indicates  a  maximal  effort.  The  steeper  the 
angle,  the  closer  the  individual  gets  to  his/her  maximal 
exertion  capability. 

(B)  As  in  the  earlier  studies,  this  research  again  has  shown 
that  the  variability  of  scores  exerted  during  the  constant 
level  phase  of  contraction  is  not  a  reliable  indicator  of  a 
subject's  comformance  with  the  request  to  exert  a  maximum 
contraction.  This  finding  is  in  contrast  to  earlier  experi¬ 
menters  (Beck  and  Hettinger  1956,  Rohmert  and  Sieber  1960) 
who,  though  on  the  basis  of  tests  with  one  or  very  few  sub¬ 
jects,  concluded  that  at  low  levels  of  exertion  large  vari¬ 
ability  among  repeated  trials  existed,  while  at  maximum  level 
the  variability  was  small.  The  experiments  reported  here 
contradict  this  postulate  rather  conclusively.  No  systematic 
differences  in  variability  were  found  at  the  different  levels 
of  submaximal  and  maximal  strength  exertion. 

The  findings  regarding  (A)  the  correlation  between  on¬ 
set  slope  and  portion  of  true  strength  exerted  and  (B)  the 
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variability  of  the  constant  phases,  were  similar  when  using 
as  reference  either  the  maintained  phase  of  exertion,  or  the 
highest  peak  observed  in  each  subject's  performance.  While 
the  maintained  level  of  performance  has  been  used  in  earlier 
experiments  by  the  authors,  the  consideration  of  the  peak 
value  is  new  in  this  research.  Using  the  data  of  40  sub¬ 
jects,  of  four  different  muscle  groups,  and  of  four  exertions 
each  at  four  force  levels,  peak  or  level  values  used  as  bases 
yielded  basically  the  same  results. 

In  the  research  reported  here,  the  subjects  were  asked 
pointedly  to  increase  their  contraction  to  a  level  performance, 
and  then  to  maintain  this  level  for  a  few  seconds.  It  is  con¬ 
ceivable  that  if  the  underlying  instructions  to  the  subjects 
had  been  different,  different  results  might  have  been  obtained. 
For  example,  if  subjects  had  been  instructed  to  exert  only 
their  highest  possible  peak  force  (and  not  to  maintain  a  level 
force)  both  onset  slope  and  the  variability  of  the  peak  values 
might  have  been  different.  In  fact,  it  is  probable  that  the 
earlier  researchers  cited  above  used  such  instructions  for 
their  subjects  and  thus  arrived  at  different  results. 

Of  course,  one  could  argue  that  the  regimen  employed  in 
the  present  study  (Caldwell  et  al.  1974)  should  be  only  one 
to  be  considered  because  it  is,  de  facto,  the  standard  pro¬ 
cedure.  If  one  followed  this  line  of  thought,  no  further  ex¬ 
periments  would  appear  necessary  at  this  point.  However, 
if  one  wanted  to  argue  that  instructions  to  exert  a  peak 
force  (jerking  force)  are  easier  to  convey  to  subjects,  and 
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that  one  therefore  should  perform  further  experiments  with 
such  instructions,  then  related  experiments  would  be  desir¬ 
able.  In  fact,  they  could  be  performed  rather  quickly  and 
easily  since  all  equipment  is  at  hand,  and  all  procedures 
are  well  tested. 
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Table  A1 


GENERAL  INFORMATION  AND  INSTRUCT IONS 


You  are  asked  to  participate  in  experiments  designed 
to  measure  muscle  strength  at  100,  75,  50  and  25%  of 
your  maximal  capacity. 

The  muscles  efforts  to  be  measured  bring  about 
elbow  flexion 
knee  flexion 
knee  extension 
finger  flexion 

We  want  to  perform  each  measurement  4  times,  with  rest 
periods  in  between. 

In  addition,  we  want  to  take  several  simple  body  measure¬ 
ments  . 

Please  ask  if  you  need  further  information. 


Table  A2 


PERSONAL  DATA 


Sub.  No.- 


Name:  _ _  SS# : 


Address : 


Phone :  _  Occupation : 


Dominant  hand:  Right  _  Left:  _ 

History  of  injuries  or  illnesses  (description  and  date): 


Hobbies  or  activities  which  might  strengthen/weaken  your  arms, 
legs  or  fingers  (i.e.,  bowling,  tennis,  rowing,  etc.): 
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Table  A3 


SUBJECT  CONSENT  FORM 


I,  the  undersigned,  understand  that  the  purpose  of  this  study  is: 

a)  to  evaluate  muscular  strength, 

b)  to  determine  the  test-retest  variability  of  such  strength, 

c)  to  determine  whether  or  not  a  given  muscle  contraction  is  a 
maximum  voluntary  contraction, 

d)  to  correlate  muscle  strength  scores  with  each  other,  and 
with  anthropometric  dimensions, 

Specific  tests  in  which  I  will  be  asked  to  be  a  subject  include: 

a )  anthropometric  measurements , 

b)  muscle  strength  measurements. 

I  acknowledge  that  I  have  received  a  complete  briefing  of  these 
tests  and  I  am  satisfied  that  I  understand  what  is  involved. 

I  do  not  have  any  disorders  of  my  cardiovascular  system,  or 
any  otherdisorders  or  deficiencies,  which  make  it  inadvisable  for 
me  to  participate  as  a  subject  in  these  experiments.  I  realize 
that  some  discomfort,  fatigue  and  muscle  strain  could  result  from 
my  participation,  although  the  experimental  procedures  and  appa¬ 
ratus  have  been  designed  to  minimize  these  hazards. 

I  understand  that  my  participation  is  strictly  voluntary  and 
th->t  I  will  be  allowed,  at  any  time,  to  stop  for  rest  or  to  dis¬ 
continue  my  participation  in  this  study  without  prejudice  against  me 
I  understand  that  in  case  of  physical  injury  no  medical  treat¬ 


ment  or  compensation  are  offered  under  the  research  program. 


Table  A4 


ANTHROPOMETRIC  MEASUREMENTS 
(Garrett  1970,  NASA  1978) 


Stature 

The  vertical  distance  from  the  standing  surface  to  the 
top  of  the  head.  The  subject  stands  erect  and  looks  straight 
ahead . 

Buttock-Knee  Length,  Sitting 

The  horizontal  distance  from  the  most  posterior  aspect 
of  the  right  buttock  to  the  most  anterior  aspect  of  the  right 
kneecap.  The  subject  sits  erect  with  knees  and  ankles  at 
right  angles. 

Knee  Height,  Sitting 

The  vertical  distance  from  the  floor  to  the  uppermost 
point  on  the  right  knee.  The  subject  sits  erect  with  knees 
and  ankles  at  right  angles. 

Shoulder-Elbow  Length 

The  distance  from  the  top  of  the  right  acromion  process 
to  the  bottom  of  the  elbow.  The  subject  sits  erect  with  the 
upper  arms  vertical  and  forearms  and  hands  extended  forward 
horizontally. 

Forearm-Hand  Length 

The  distance  from  the  tip  of  the  right  elbow  to  the 
tip  of  the  longest  finger.  The  subject  sits  erect  with  the 
upper  arms  vertical  and  forearms  and  hands  extended  forward 
horizontally. 
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Hand  Length 

The  distance  from  the  right  wrist  crease  baseline  to 
dactylion.  The  subject  sits,  the  hand  is  flat  on  a  table, 
palm  up,  with  fingers  together  and  straight. 

Digit  2  Height 

The  perpendicular  distance  from  the  subject's  right  wrist 
crease  baseline  to  the  midpoint  of  the  tip  of  digit  2.  The 
subject  sits,  the  hand  is  flat  on  the  table,  palm  up,  with 
fingers  slightly  separated  and  straight. 

Crotch  2  Height 

The  perpendicular  distance  from  the  subject's  right 
wrist  crease  baseline  to  the  level  of  hand  crotch  2.  The 
subject  sits,  the  hand  is  flat  on  a  table,  palm  up,  with 
fingers  slightly  separated  and  straight. 

Digit  2  Length 

The  distance  along  the  axis  of  the  right  digit  2  from 
the  midpoint  of  the  tip  of  digit  2  to  the  level  of  hand 
crotch  2.  The  subject  sits,  the  hand  is  flat  on  a  table, 
palm  up,  with  fingers  slightly  separated  and  straight. 

Hand  Breadth 

The  breadth  of  the  right  hand  between  metacarpal- 
phalangeal  joints  II  and  V.  The  subject  sits,  the  hand  is 
flat  on  a  table,  palm  down,  with  the  fingers  together  and 
straight. 

Hand  Thickness 

The  maximum  thickness  of  the  metacarpal -phalangeal  joint 
of  digit  3  of  the  subject's  right  hand.  The  subject's  hand 
is  extended. 
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Biceps  Circumference,  Flexed 

The  maximal  circumference  of  the  right  arm  at  the  level 
of  the  biceps,  with  the  biceps  contracted.  The  subject  stands 
with  the  elbow  bent  at  90  degrees  and  the  biceps  maximally 
flexed. 

Biceps  Circumference,  Relaxed 

The  maximal  circumference  of  the  right  arm  at  the  level 
of  the  biceps,  with  the  biceps  relaxed.  The  subject  stands 
with  the  arm  slightly  abducted. 

Forearm  Circumference,  Flexed 

The  maximal  circumference  of  the  right  forearm  near  the 
elbow.  The  forearm  is  held  horizontally,  elbow  flexed  90 
degrees  and  fist  tightly  clenched. 

Forearm  Circumference,  Relaxed 

The  maximal  circumference  of  the  right  forearm  near  the 
elbow.  The  forearm  is  held  horizontally,  elbcw  flexed  at  90 
degrees,  and  the  forearm  and  finger  muscles  are  relaxed. 

Wrist  Circumference 

The  minimum  circumference  of  the  right  wrist  at  the 
level  of  the  stylion  landmark. 

Lower  Thigh  Circumference 

The  horizontal  circumference  of  the  lower  right  thigh 
at  the  height  of  the  musculature  above  the  kneecap.  The  sub¬ 
ject  stands  erect,  with  the  weight  distributed  equally  on  both 
feet. 
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Knee  Circumference,  Standin 


The  horizontal  circumference  of  the  right  knee  at  the 
level  of  the  midpatella  landmark.  The  subject  stands  erect, 
heels  approximately  10cm  apart,  with  the  weight  distributed 
equally  on  both  feet. 

Calf  Circumference,  Standin 


The  maximum  horizontal  circumference  of  the  right  calf. 
The  subject  stands  erect,  heels  approximately  10cm  apart, 
with  the  weight  distributed  equally  on  both  feet. 

Ankle  Circumference,  Standin 


The  horizontal  circumference  of  the  right  leg  measured 
over  the  medial  malleolus.  Subject  stands  erect,  with  the 
weight  distributed  equally  on  both  feet. 

Lever  Arm 

The  distance  between  the  tip  of  the  right  elbow  to  the 
distal  edge  of  the  cuff  worn  by  the  subject.  The  subject 
sits  erect  with  the  upper  arms  vertical  and  forearm  and 
hand  extended  forward  horizontally.  The  distance  is  reduced 
by  1.9cm  (i.e.,  half  the  breadth  of  the  cuff). 

Lever  Leg 

The  distance  between  the  uppermost  point  on  the  right 
knee  and  the  distal  edge  of  the  cuff  worn  by  the  subject. 

The  subject  sits  erect  with  knees  and  ankles  at  right  angles. 
The  distance  is  reduced  by  1.9cm  (i.e.,  half  the  breadth  of 
the  cuff). 
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Table  A5 


FINAL  INSTRUCTIONS  -  GENERAL 


We  are  asking  you  to  run  through  a  series  of  muscle  strength 
exercises.  They  include  muscles  of  the  finger,  arm  and  leg. 
For  each  of  these  muscle  groups  we  would  like  you  to  exert 
either  100%,  75%,  50%  or  25%  of  your  muscular  capability, 
as  specified  by  the  experimenter. 

The  experimenter  will  tell  you  what  muscle  group  and  what 
percentage  of  your  strength  he  would  like  you  to  exert  in 
each  trial.  He  will  then  give  you  a  countdown,  which  goes 
as  follows:  "-2,  -1,  start,  1,  2,  3,  4,  stop." 

The  period  from  "-2  to  -1"  is  just  a  warning  period  so  you 
may  prepare  yourself  for  the  exertion. 

When  the  experimenter  says  "start"  we  would  like  you  to  build 
up  your  strength  to  the  specified  level,  which  would  be 
either  100%,  75%,  50%  or  25%  of  your  strength. 

About  the  time  the  experimenter  says  "1",  you  should  be  at 
that  specified  level.  From  "1"  until  we  say  "stop"  we  would 
like  you  to  hold  that  level  as  steady  as  you  possibly  can. 
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Table  A6 


FINAL  INSTRUCTIONS  -  SPECIAL  INSTRUCTION  TABLE 


What  you 

hear 

-2  -1 

Start  1 

2  3  4 

Stop 

What  you 

Get  prepared. 

BUILD  UP 

HOLD  FORCE 

Relax 

do 

Keep  muscles 

force  to 

STEADILY 

relaxed. 

required 

at  required 

percent 

percent 

level . 

level . 
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